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ABSTRACT
P h o s p h in y la m in e s , Cl^PCOjNHR (R = Me, E t  and P h ) , v/ere
o b t a i n e d  by th e  r e a c t i o n  o f  amine h y d r o c h l o r i d e s ,  ■ RNHp.HC1,
w i th  p h o s p h o ry l  c h l o r i d e ,  P (0 )C 1 ^ .  F l u o r i n a t i o n  o f  t h e s e
d e r i v a t i v e s  by sodium  f l u o r i d e  p ro d u c e d  t h e  compounds F^PCCOiTIIR.
B i s ( d i c h l o r o p b o s p h i n y l ) a m i n e s , [Cl^PCCOD^NR, and t h e i r  f l u o r o -
d e r i v a t i v e s  w ere s y n t h e s i s e d  by t h e  c o n d e n s a t io n  o f  th e
p h o s p h in y fa m in e s  w i th  p h o s p h o ry l  h a l i d e s ,  P( C O F ^ C l^ ^ ,  i n
th e  p r e s e n c e  o f  a  t e r t i a r y  amine* The d i f l u o r o -  d e r i v a t i v e ,
L F G lP (0 ) ]oATMe, was o b ta in e d  a s  a m ix tu re  o f  d i a s t e r e o i s o m e r s
from  t h e  r e a c t i o n  o f  h e p t a m e t h y l d i s i l a z a n e , (H eL S i^F M e, w i t h
P (0 )F C 12 * A tte m p ts  t o  s j o i t h e s i s e  t h e  &i f l u o . r o — compounds,
C l^ p (0 )N R P (0 )F n , from  F_P(0)ilHR and. P (0)C 1^  r e s u l t e d '  i n  th e  d d d 5
f o r m a t io n  o f  im pure  p r o d u c t s .  P o s s i b l e  r e a s o n s  f o r  t h i s  a r e
d i s c u s s e d .  The t r i f l u o r o -  compounds, F P(C)NRP(0)FC1, w ere 
1 19 31n o t  p r e p a r e d ,  H, F. and  P n . m . r .  d a t a  a r e  g iv e n  f o r  th e
d ip h o s p h in y la m in e s  s y n t h e s i s e d ,  t o g e t h e r  w i th  t h e i r  i n f r a r e d
and m ass  s p e c t r a .  The s p e c t r a  a r e  com pared v /i th  th o s e  o b ta in e d
from  t h e  p h o s p h in y la m in e s .
E e p t a m e t h y l d i s i l a z a n e , (M e^Si)^Idfe, 'and t u n g s t e n  h e x a f l u o r i d e ,
P c~
V/F^j r e a c t e d  i n  t h e  a b se n c e  o f  a s o l v e n t  t o  p ro d u ce  a  w h i te
s o l i d  f o r m u la te d  a s  V7F. HMe and i n  th e  p r e s e n c e  o f  MeCiJ t ok
p ro d u c e  t h e  com plex WF^NHe .IieCIT. The c o o r d i n a t e d  MeCN c o u ld
be d i s p l a c e d  by C^H^K (py) fo rm in g  th e  com plex  V/F^NKe.py. The
a d d u c t s  v/ere c h a r a c t e r i s e d  by e l e m e n t a l  a n a l y s e s  and by n . m . r .
and  m ass s p e c t r o s c o p y .  T h e i r  s p e c t r a ,  t o g e t h e r  v / i th  t h o s e  o f
WF, NMe.CI)-,CN and V/F, Nile,CcDc N a r e  p r e s e n t e d  and d i s c u s s e d .A 3 4 . 3 3 ’ x
P o s s i b l e  s t r u c t u r e s  f o r  b o th  V/F^RMe and i-JF^KMe.MeCIT a r e
s u g g e s t e d ,
A p r e l i m i n a r y  i n v e s t i g a t i o n  i n t o  th e  c h e m is t r y  c f  VJF^NKe.MeCM 
showed t h a t  th e  f l u o r i n e  atom s c o u ld  be r e p l a c e d  b u t  t h a t  th e  
compound d id  n o t  r e a c t  w i th  SF^C l, SO^ o r  CSp.
E e x a m e th y ld i s i l a z . a n e , (i-ie^Si )pNH, and NF^ r e a c t e d  i n ' t h e  
p r e s e n c e  of-KeCII t o  p roduce  a s o l i d  whose e l e m e n t a l  a n a l y s i s ,  
i n f r a r e d  and  n . m . r .  s p e c t r a  s u g g e s t  t h a t  i t  h as  th e  c o m p o s i t io n  
IsrH *WOFir .Me C N.
k  5
A r e a c t i o n  c a r r i e d  o u t  be tw een  MoFg and  (Me^Si)pKMe i n  MeCIT 
s u g g e s t s  t h a t  HoFg r e a c t s  i n  a  manner s i m i l a r  t o  t h a t  d e s c r i b e d  
f o r  WFg b u t  t h a t  t h e  r e a c t i o n  p r o d u c t s  a r e  more s u s c e p t i b l e  t o  
h y d r o l y s i s .
S u lp h u r  c h l o r i d e  ' p e n t a f l u o r i d e , SFj-Cl, r e a c t e d  e x o t h e r m i c a l l y  
w i t h  t h e  c h l o r o p h o s p h i n e s  PhPClp and PhpPCl t o  p ro d u ce  t h e  
c o r r e s p o n d i n g  f lu o ro p h o s p h o ra n .e s  PliPF^ and PhpPF^ a lo n g  w i th  
SClp and  C lp .  When SF^Cl r e a .c te d  v /i th  Me PC I p ,  a l t h o u g h  th e  
p h o s p h o ra n e  MePF^ was fo rm ed , th e  m a jo r  p r o d u c t  was a  w h i te  s o l i d  
w h ich  a n a ly s e d  a s  OIL C l FP b u t  w h ich  was n o t  f u r t h e r  c h a r a c t e r i s e d .  
The r e a c t i o n s  b e tw een  SF^Cl and th e  h a lo g e n  f r e e  d e r i v a t i v e s  
PChT-le^)^ and P(OMe)„ p ro d u ced  SF^, C l0 and o t h e r  p r o d u c t s  
w h ich  v/ere n o t  com plete3.y i d e n t i f i e d  b u t  f o r  w h ich  s t r u c t u r e s  
a r e  s u g g e s t e d .  SFj_Cl d id  n o t  r e a c t  v / i th  e i t h e r  PPh^ o r  P C l^ .  
R e a c t io n  schem es f o r  t h e s e  o x i d a t i v e  f l u o r i n a t i o n s  by SF^Cl 
a r e  p r e s e n t e d  akd d i s c u s s e d .
A d e t a i l e d  a n a l y s i s  o f  th e  v i b r a t i o n a l  s p e c t r a  o f  CF^SF^Cl
was c a r r i e d  o u t .  T h is  c o n f i rm e d  th e  e v id e n c e  from n . m . r .
s p e c t r o s c o p y  t h a t  o n ly  th e  t r a n s  is o m e r  o f  th e  compound i s
o b t a i n e d  from  th e  s y n t h e s i s  i n v o l v i n g  CF SF7 , C!„ and. C sF . The3 3 2
i n f r a r e d  and Raman s p e c t r a  o f  o t h e r  s u b s t i t u t e d  derive .
S1*V, CF^SF, CF^CF^GX, SF^CF^CF^Cl and GI'CH^CIL, a r e  r r e  6 * p k  2 2 3 2 2 5 <=■
and discussed.
. t i v e s  c f  
s e a t e d
INTRODUCTION
The chemistry of fluorine and its derivatives reflects 
almost two hundred years of chemical research and incorporates 
much of the Periodic Table* There are three main factors which 
explain why the chemistry of fluorine is different from that 
of the other halogens. These have been discussed many times
£1,23  b u t  can  be sum m arised  a s : ~
i )  The low d i s s o c i a t i o n  en e rg y  o f  
F2 C l2 B r2
3 7 -7  5 8 .2  A6.1
i i )  The r e l a t i v e l y  s m a l l  s i z e  o f  
f l u o r i d e  i o n .
F C l Br I  0
0 .6 h  0 .9 9  1.1A 1-33  0 .6 6
1 .3 6  1 .8 1  1 .9 5  2 .1 6  1 .4 0
i i i )  The r e l a t i v e l y  h ig h  s t r e n g t h  
f l u o r i n e  and  o t h e r  e l e m e n ts  C3l*
Compound Bond
H-F 
K-Cl 
H-Br 
P-F  
P -C l 
S i - F  
S i~ C l 
S i - B r
Some c o n s e q u e n c e s  o f  t h e s e  p h y s i c a l
th e  f l u o r i n e  m o l e c u le .
2
3 6 .1  h e a l  mole"*1 [ 3 ]
th e  f l u o r i n e  atom and th e
S
1.0A c o v a l e n t  r a d i u s  i n  %
1 .8 ^  i o n i c  r a d i u s  i n  S [ii.]
o f  bonds form ed be tw een
Bond S t r e n g t h  (K cal mole 
1 3 3 .8
IO3 .3  
8 7 .5  
1 1 9 .0
7 9 .0  .
1A3.0
96.0  
7 9 .0
p r o p e r t i e s  a r e  th e  h ig h
HF
HC1
HBr
PF,3
PCl^
SiF.A
SiCl,
A
S iBr. A
r e a c t i v i t y  o f  th e  e lem en t  r e s u l t i n g  i n  c o m b in a t io n s  w i th  a lm o s t
~ 2 -
e v e r y  known e le m e n t  , th e  a b i l i t y  o f  f l u o r i n e  t o  s t a b i l i s e  h ig h  
o x i d a t i o n  s t a t e s  and th e  f o r m a t io n  o f  v o l a t i l e  i n o r g a n i c  f lu o r ic -o n *  
R e s e a rc h  i n t o  th e  c h e m is t r y  o f  . f l u o r i n e  d e r i v a t i v e s  had 
b e e n  h in d e r e d  by th e  d i f f i c u l t y  o f  h a n d l in g  them ; a  p ro b lem  
w h ich  h as  been  l a r g e l y  overcome w i th  th e  u se  o f ,  f o r  exam ple ,  
s u i t a b l e  g l a s s  h igh-vacuum  s y s te m s ,  m a t e r i a l s  su ch  a s  ' ’t e f l o n ' 1 
and a l l - m e t a l  a p p a r a t u s .  These d e v e lo p m e n ts ,  t o g e t h e r  v / i th  
some econom ic f a c t o r s ,  r e s u l t e d  i n  a  r a p i d  g ro w th  o f  t h e  s u b j e c t .
The deve lopm en t o f  s p e c t ro s c o p y ,  i n  p a r t i c u l a r  h i g h - r e s o l u t i o n  
n u c l e a r  m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p y , g r e a t l y  h e lp e d  i n v e s t i g a t i o n s  
i n t o  t h e  s t r u c t u r e  o f  f l u o r i n e  com pounds. Four f a c t o r s  a r e  
c o n s i d e r e d  n e c e s s a r y  f o r  th e  s u c c e s s f u l  s tu d y  o f  a  .n u c le u s  by 
n . m . r .  s p e c t r o s c o p y
i )  The m a g n e tic  moment o f  t h e  n u c l e u s  must be l a r g e  b e c a u se  
t h e  n a t u r a l  s e n s i t i v i t y  o f  a. n u c l e u s  t o  n . m . r .  d e t e c t i o n  a t  
c o n s t a n t  f i e l d  s t r e n g t h  i s  p r o p o r t i o n a l  t o  th e  cube o f  th e  
m a g n e t ic  moment,
2 .6 2 7  2 .7 9 3  O.ifOif n u c l e a r  m agnetons  C53
i i )  The i s o t o p e  sh o u ld  have a  h ig h  n a t u r a l  a b u n d a n c e ,  a g a i n
b e c a u s e  o f  th e  p rob lem  o f  s e n s i t i v i t y ,
*^F i s  100% a b u n d a n t .
i i i )  The i s o t o p e  sh o u ld  have a  s p i n  quantum  number o f  1 = 4  
s i n c e  h ig h e r  s p i n  quantum num bers have  q u a d ru p o le  moments 
a s s o c i a t e d  v / i th  them w hich  i n  t u r n  can  i n t e r a c t  v / i th  f l u c t u a t i n g
e l e c t r i c  f i e l d  g r a d i e n t s  l e a d i n g  t o  l i n e  b r o a d e n in g ,
"1 9 -- T _  4 .r  1 = -g-
i v )  The n u c l e u s  must p o s s e s s  a s h o r t  r e l a x a t i o n  t im e  t o  a v o id
s a t u r a t i o n  o f  th e  s i g n a l  w hich  c a u s e s  i t  t o  b ro a d e n
1Qand d e c r e a s e  i n  s i z e .  R e l a x a t i o n  t im e s  f o r  'F  n u c l e i  a r e
'X
l o n g e r  th a n  th o s e  f o r  H n u c l e i  b u t  a r e  s t i l l  s h o r t  enough to
a l lo w  th e  n u c l e u s  t o  be e a s i l y  s tu d ie d *
19Thus th e  n u c l e a r  p r o p e r t i e s  o f  F , s i m i l a r  t o  t h o s e
-j
o f  H, make i t  i d e a l  f o r  s tu d y  by h ig h —r e s o l u t i o n  n . m . r .
19s p e c t r o s c o p y .  F s p e c t r a  have th e  added  a d v a n ta g e  t h a t  th e
r a n g e  o f  c h e m ic a l  s h i f t s  and c o u p l i n g  c o n s t a n t s  i s  l a r g e
'1
com pared  w i th  t h o s e  o b ta in e d  from H s p e c t r a , ,  w h ich  means t h a t  
any  c h a n g e s  i n  t h e  m a g n e t ic  o r  e l e c t r o n i c  e n v i ro n m e n t  a ro u n d  
th e  n u c l e i  a r e  u s u a l l y  e a s i l y  o b s e r v e d .
V i b r a t i o n a l  s p e c t r o s c o p y  h a s  b een  u sed  i n  r e c e n t  y e a r s  
a s  a  t o o l  i n  s t r u c t u r e  e l u c i d a t i o n .  I t s  u s e f u l n e s s ■a s  a  t o o l  
i s  t h a t  b o th  Raman and i n f r a r e d  s p e c t r o s c o p y  a r e  r e a d i l y  
a p p l i c a b l e  t o  a l l  t h r e e  s t a t e s j  s o l i d ,  l i q u i d  and g a s .  A 
g r e a t  d e a l  o f  a s s i s t a n c e ,  i n  th e  d e t e r m i n a t i o n  o f  m o l e c u la r  
sym m etry , may be g a in e d  from  a  s tu d y  o f  t h e  Raman s p e c tru m  
o f  a  s u b s t a n c e  s i n c e  i t  i s  o f t e n  s im p le r  th a n  th e  i n f r a r e d  
s p e c t r u m .  The d i f f i c u l t y  o f  h a n d l in g  i n o r g a n i c  f l u o r i n e  
compounds i s  r e f l e c t e d  i n  th e  r e l a t i v e l y  s m a l l  volume o f  work 
p u b l i s h e d  on th e  v i b r a t i o n a l  s p e c t r a  o f  s u c h  d e r i v a t i v e s /  
com pared  w i th  th e  v a s t  amount o f  l i t e r a t u r e  on v i b r a t i o n a l  
s p e c t r o s c o p y  a s  a  w h o le .  A r e c e n t  review^ a r t i c l e  sum m arises  
t h e  work c a r r i e d  o u t ,  so f a r ,  on i n o r g a n i c  f l u o r i d e s  [ 6 ] .
Mass s p e c t r o m e t r y  i s  th e  most r e c e n t  s p e c t r o s c o p i c  
t e c h n iq u e  t o  be u t i l i s e d  w id e ly  by in o r g a n i c  c h e m is t s  C73* 
W hile  i t  h a s  a  g e n e r a l  a p p l i c a b i l i t y ,  i t s  u s e  i n  i n o r g a n i c  
f l u o r i n e  c h e m is t r y  has  b een  l i m i t e d  b u t  t h e  w id e r  a v a i l a b i l i t y  
o f  i n s t r u m e n t s  sh o u ld  l e a d  to  a developm ent o f  i t s  u se  i n  
t h i s  s u b j e c t .
The d eve lopm en t o f  advanced  i n s t r u m e n t a l i o n  i n  s p e c t r o s c o p y ,  
t o g e t h e r  w i th  th e  vd.der  a v a i l a . b i l . i t y  o f  X -ray  c r y s t a l l o g r a p h y ,  
h a s  l e d  t o  a  s h i f t  i n  em phasis  i n  f l u o r i n e  c h e m is t r y  r e s e a r c h .  
P r e v i o u s l y  e f f o r t s  have been  c o n c e n t r a t e d  on th e  p r e p a r a t i o n  
o f  new ty p e s  o f  compounds w h e reas  now th e  e m p h a s is  seems t o  l i e  
on s t r u c t u r e  e l u c i d a t i o n ,  d e t e r m i n a t i o n  o f  bond e n e r g i e s  e t c .  
and th e  t h e o r e t i c a l  and p h y s ic o c h e m ic a l  a s p e c t s  c f  t h e  e l e m e n t .  
T h i s  t r e n d  i n  r e s e a r c h  can  be s e e n  from a  s tu d y  o f  r e c e n t  
r e v ie w  a r t i c l e s .  A summary o f  th e  lo w e r  s u l p h u r  f l u o r i d e s ,  by
S e e l  [ 8 ] ,  i n c l u d e s ,  a s  a m a jo r  p a r t  o f  t h e  w ork , m o le c u la r
and  s t r u c t u r a l  d a t a  i n  c o n t r a s t  to  e a r l i e r  r e v ie w s  o f  s u lp h u r  
f l u o r i n e  compounds where th e  em p h asis  h a s  b een  on th e  p r e p a r a t i o n  
o f  t h e  d e r i v a t i v e s .  A lso  a  p a p e r  on th e  d i s s o c i a t i o n  e n e rg y  
o f  f l u o r i n e  s t a r t s  by su m m aris in g  o l d e r  e x p e r i m e n t a l  w ork and 
c o n c lu d e s  w i t h  a  re v ie w  o f  r e c e n t  v a r i o u s  t h e o r e t i c a l  e v a l u a t i o n s  
o f  t h e  d i s s o c i a t i o n  e n e rg y  p r e s e n t i n g  i n  some d e p th  th e  r e s u l t s
o f  new c a l c u l a t i o n s  C93•
The work d e s c r i b e d  i n  t h i s  t h e s i s  i s  c o n c e rn e d  v / i th  some 
s u b s t i t u t e d  d e r i v a t i v e s  o f  m a in -g ro u p  and t r a n s i t i o n - m e t a l  
h a l i d e s ,  m a in ly  f l u o r i d e s .  N .m .r .  v i b r a t i o n a l  s p e c t r o s c o p y  and 
m ass s p e c t r o m e t r y  a r e  u sed  e x t e n s i v e l y  i n  t h e  s tu d y  o f  t h e s e  
d e r i v a t i v e s .
o f  t h e ' c h e m is t r y  o f  p h o s p h o r u s - f l u o r i n e - n i t r o g e n  compounds#
The s u b j e c t  h a s  b e e n  d isc*assed  i n  s e v e r a l  e x t e n s i v e  r e v ie w s  
on p h o sp h o ru s  f l u o r i n e  c h e m is t r y  [1 0 -1 2 ]«  However , r e l a t i v e l y  
f ew  f l u c r o -  compounds c o n t a i n i n g  P-N-P l i n k a g e s  have b een  
p r e p a r e d .
The f i r s t  exam ples  o f  p h o sp h o ru s  f l u o r i n e  compounds 
c o n t a i n i n g  P=TP~P bonds to  be d i s c o v e r e d  were f l u o r o c y c l o -  
p h o s p h a z e n e s  and r e c e n t l y  t h e r e  h a s  been  a  c o n s i d e r a b l e  
d e v e lo p m en t  o f  t h e i r  c h e m is t r y  [133 • T hese  compounds have  th e  
g e n e r a l  f o r m u la s -
F
l
-  P = N -  X = F ,  C l,  a l k y l ,  a r y l ,
I
L X J xi am m o e t c .
The r e s u l t s  o f  s i n g l e  c r y s t a l  s t u d i e s  c o n f i r m  t h a t  t h o s e  compound 
w h ic h  h ave  t h e  fo rm u la  (WPIL,)^ g a r e  c y c l i c ,  w h i le  o t h e r  s t u d i e s  
i n d i c a t e  t h a t  m a t e r i a l s  h a v in g  th e  fo rm u la  ( lv-p^2^n>8 a r e  l o n £“ 
c h a i n  p o ly m e r ic  s p e c i e s .
C y c l ic  p h o sp h a z e n e s  a r e  found  w i th  b o th  p l a n a r  and 
p u c k e re d  p h o sp h o ru s  n i t r o g e n  r i n g s .  (NPF^)^ [I**], (NPCl^)^ [133 
and N^P-FCl^. [ 1 6 ] have p l a n a r  o r  n e a r l y  p l a n a r  r i n g s ,  w h i le  
th e  m a j o r i t y  o f  h ig h e r  c y c l i c  s p e c i e s  exam ined  a r e  n o n - p l a n a r .
The f i r s t  f l u o r i n e  c o n t a i n i n g  d ip h o s p h o ru s  compound w i th  
f o r m a l l y  s a t u r a t e d  P-N-P b r i d g e s  was f l u o r o - N ,N f- d i m e t h y l -  
1 , 3 ;  2 ,  i f -d ia z a d ip h o s p h e  t  i d i n e ,
-  6 -
T h i s  was p ro d u c e d  by th e  r e a c t i o n  o f  k e p t a m e t h y l d i s i l a z a n e  
w i th  p h o s p h o ru s  p e n t a f l u o r i d e  [173« An e l e c t r o n  d i f f r a c t i o n  
s tu d y  o f  t h i s  compound d e m o n s t r a te d  t h a t  t h e  r i n g  i s  p l a n a r  
w i th  th e  m e th y l  c a rb o n s  i n  th e  p la n e  o f  t h e  r i n g  [ 1 8 ] .  O th e r  
r o u t e s  t o  t h i s  ty p e  o f  d e r i v a t i v e ,  i n c l u d i n g  P ( I I I )  a n a l o g u e s ,  
were l a t e r  d e v i s e d  • An exam ple o f  s u c h  a. r o u t e  i s
C1 P *N^Bu F P ~ °  I^Bu
3 . 1  I ' + 2SbF_ — > 3 4. I I + 2SbCl-„
^BuN— PCI 5 BuK PF ^
The f i r s t  r e p o r t e d  a c y c l i c  f l u o r i n e  compounds c o n ta in in g '
P-N-P l i n k a g e s  were t h e  a l k y l a m i n o b i s d i f l u o r o p h o s p h i n e s ,  RN(PF0 ) 2
[ 2 0 ] .  T hese  were  p r e p a r e d  by th e  s e r i e s  o f  r e a c t i o n s : -
RNH..C1 + 2 PCI-, RN(PC10 ) 0 + 3KC1
3 3 2 2 ■ ( i )
3RN(PC12)2 + ASbF^ -- » 3R1'UPF2)2 + ASbCl^
R =: M e ,E t .
B i s ( d i f l u o r o p h o s p h i n y l ) m e th y la j n in e  and  i t s  t h i o -  
a n a l o g u e ,  [F 2 P (X )0] 0RMe (X c  0 o r  S ) , w ere among th e  f i r s t  a c y c l i c  
p e n t a v a l e n t  p h o sp h o ru s  compounds w i th  P-N-P b r i d g e s  t o  be s y n t h e s i s e d
[ 2 1 ] .  They w ere  made by a  c o n d e n s a t io n  r e a c t i o n  o f  th e  t y p e s -
EPF2NHR + EPF2C1  » . F P(E)NRP(E)F2 + amine s a l t
t e r t i a r y  amine
E = 0 ,S ;  R = Me 
R e c e n t  s t u d i e s  have p ro d u ced  a  s e r i e s  o f  s u c h  d e r i v a t i v e s  
i n c l u d i n g  some c h l o r o f l u o r o -  compounds [ 2 2 ] .  These w ere a l s o  
. made by a  r e a c t i o n  o f  ty p e  ( i i ) .
The compounds F2 PNMePF^ and F2 FNMeP(C)F2 have a l s o  b een  
s y n t h e s i s e d  [ 2 3 ] .  They were p r e p a r e d  by a n o t h e r  r o u t e ,  nam ely  
c l e a v a g e  o f  a  s i l i c o n  n i t r o g e n  bond, f o r  e x a m p le : -
F^PNMeSiKc- + PF_ — > FnPNMePF, + M e-SiF2 3 3 2 4 3
These  a c j^ c l ic  P-N-P compounds v/ere a l l  found to  be v o l a t i l e  
m o i s t u r e - s e n s i t i v e  l i q u i d s .  They a r e  o f  i n t e r e s t  f o r  th e
_ 7^ _— ( —
f o l l o w i n g  r e a s o n s
i )  They can  p ro v id e  a  co m p ar iso n  o f  th e  way i n  v;hich th e  
n i t r o g e n  b r id g e  i s  e f f e c t i v e  i n  t r a n s m i t t i n g  e l e c t r o n i c  e f f e c t s  
r e l a t i v e , f o r  exam ple ,  t o  th e  oxygen atom i n  p y ro p h o s p h o ry l  h a l i d e s ,  
[X? P ( 0 ) ] 2 0 (X = F ,C 1 ) •
i i )  They c a n  p ro v id e  d i r e c t  co m p a r is o n s  o f  t h e  p r o p e r t i e s  
o f  P-N~P l i n k a g e s  by r e f e r e n c e  t o  s p e c t r o s c o p i c  p r o p e r t i e s *
i i i )  A c o m p ar iso n  can  be made be tw een  th e  p r o d u c t s  o f  f l u o r i n a t i o n  
o f  CC12P ( 0 ) ] 2NR a n d ,  f o r  exam ple ,  t h o s e  o f  X^P^Clg w here 
f l u o r i n a t i o n  by p o ta s s iu m  f l u o r i d e  i n  s u l p h u r  d io x id e  t a k e s  
p l a c e  by a  g e m in a l  pathw ay
W ith  s t u d i e s  o f  t h i s  ty p e  i n  m ind , a  s e r i e s  o f  compounds 
o f  t h e  ty p e  X2P(0)KRP(0)X2 w here X = F,C1 and  R = M e ,E t ,P h  
w ere p r e p a re d *  I n v e s t i g a t i o n  i n t o  c h l o r o -  and  c h l o r o f l u o r o -  
d e r i v a t i v e s  made a v a i l a b l e  i n f o r m a t i o n  a b o u t  th e  e l e c t r o n i c  
e n v i ro n m e n t  a t  p h o s p h o ru s  c o n f e r r e d  by f l u o r i n e  a s  com pared 
w i t h  c h l o r i n e *
1 .  HeNH2 .E C l +
2 .  EtNH^.HCl +
3 .  PhNH2 .HCl + 
C l2 P(0)NEIie +
5* C l2P(0)NHEt + 
6 .  C l2P(0)NHPh + 
7* C l2P(0)KH!-'Ie + 
8* C l2P(0)l^FEEt +
9 .  C l2P(0)NHPh ■+
1 0 . C l2P(0)KHMe + 
11* C l2P(0)HHEt + 
12* C l2P(0)NHPh + 
13* C l2P(0)imMe + 
1if* C l2P(0)NHEt + 
13* C l2?(0)NHPh +
1 6 .  F P(0)MHMe +
1 7 .  F2P(0)UHEt + 
18* F2P(0)ITHPh +
SUIPIAPY OF PS A C T IONS
P (0 )C 1 ,
^  -2EC1
P (0 )C 1 ,  — »
-2HC1
P(0)C1_ ^
-2EC1
xsNaF
xsITaF
xsITaF
P (0 )C 1 ,
P (0 )C 1 ,3
P (0)C 17 3
P(0)FC1 
P(0)FC1 
P(0)FG12 
P (0 )F 2C?.
P (0 )F 2C1 
P ( 0 ) F oC1d
P (0 )F 2C1 
P (0 )F 2C1 
P (0 )F 2C1
C l2 P(0)ITKiie
C l P(0)EHEt
C l2 P(0)NHPh
F2P(0)NIMe +
F2P(0)NHEt +
F2 P(0)KHPh +
[ C l2 P ( 0 ) ] 2 KMe
[ C l2P ( 0 ) ] 2NEt
[ C lpP ( 0 ) ] 2NPh
C l2P(0)KM eP(0)FCl
C l2P (0 )K E tP (0 )F C l
C l2 P (0)K P hP (0)F C l
Cl.,P(0)NMeP(0)F~d d
C l? P (0 )K E tP (0 )F 2
C l2P (0 )N P hP (0 )F 2
CF2P ( 0 ) ] 2 NMe
[F2 P (0 )3 2NEt
CF2P ( 0 ) 3 2 NPh
mil m
Et-IT
4
-HCl
E t ,N
-EC1 
Et-.11 
4
-HCl
E t 7IT
-HCl
Et^N
—4
-HCl
E t .TN
3
-HCl
Et-.IT
-HCl
Et^lT
-HCl
E t N
-HCl 
Me, IT
-HCl
Et^N
-HCl 
E t  IT
-HCl
Ha C l 
EaCI 
NaC-1
1 9 . ' FoP(0)lEaMe + P(0)C1
3
0 .  • (Ke-Si)^m-ie + 2P(0)FC1,3 2 £
Et
- i:g:
C l5P (0 )E E e P (0 )F 2 
+ o t h e r  p r o d u c t s  
[FCIP(O)]^EMe + 2Eer Gi
2 1 .  F~P(0)NHMe + Et_N 2 3
2 2 .  .-F2P(0)NBMe . • .+ P (0)FC 12
2 3 .  [ C l2P ( 0 ) ] 2HMe + NaF e tc ,
an  u n i d e n t i f i e d  m ix tu r e  
o f  p r o d u c t s
an  u n i d e n t i f i e d  m ix tu re  
o f  p r o d u c t s
[ F ~ P ( 0 ) ] oNMe + o t h e rcL cL
p r o d u c t s
-  10 -
KOMEKCLATUiRB
A summary o f  th e  n o m e n c la tu re  u se d  i n  d e s c r ib in g ;  th e  p h o s p h o ru s  
n i t r o g e n  compounds d i s c u s s e d  i n  t h i s  c h a p t e r  i s  g iv e n  b e lo w ? -
i )  P h o s p h in y la m in e s  i compounds c o n t a i n i n g  one
>P(0)~N< l i n k a g e
i i )  D ip h o sp h in y la m in e s  : compounds c o n t a i n i n g  a
> F (0 ) -K -P (0 )<  l i n k a g e
i i i )  B i s ( d ih a lo g e n o p h o s p h in y l ) a m in e s  : compounds o f  t h e  ty p e
X^PCO^RR-PCO)}^ w here 
X = F ,C l j  R = Me#E t , P h .  
eg* b i s ( d i c h lo r o p h o s p h in y l ) m e th y la m in e ;  [Cl^PCcOl^NMe and 
d i c h lo r o p h o s p h i n y l ( d i f l u o r o p h o s p h i n y l ) m e t h y l a m i n e : C ^PC  0)M ieP( 0 )? ^
•» 11 ~
RESULTS
C h lo r o -  and  f lu o r e p h o s n h in y le m d n e s • The p h o s p h in y le jn in e s • X, P(G )riFRn»»,w i^iw iiiin» rii wn n KW-g w m M W M NWii ii«Oir.n miw i w * n n » i Iim n i nflftwmi»«»^iii.«. w  rjr<*w**\ -*• «  7 ^
X = CX,F; R -  M e,Et and Ph, were p r e p a r e d  v / i th  t h e  i n t e n t i o n  o f
u s i n g  t h e n  a s  p r e c u r s o r s  f o r  t h e  s y n t h e s e s  o f  th e  d ip h o s p h i n y l -
a m in e s ,  CX2P(0)]2N]R. I n  v iew  o f  th e  f a c t  t h a t ,  o f  t h e  s e r i e s
o f  com pounds, o n ly  t h e  m e th y l  d e r i v a t i v e s  had  p r e v i o u s l y  b een
p r e p a r e d ,  t h e y  w ere s t u d i e d  i n  d e t a i l  t o  s e e  i f  any  i n f o r m a t i o n
c o u ld  be d e r i v e d  from them c o n c e rn in g  b o th  t h e  r e l a t i o n s h i p
1Q 31b e tw ee n  th e  c h e m ic a l  s h i f t s  o f  th e  yF and P n u c l e i  and  th e  
s u b s t i t u e n t s  a t t a c h e d  t o  t h e s e  a to m s ,  and p o s s i b l y  a b o u t  th e  n a t u r e  
o f  th e  p h o s p h o ru s  n i t r o g e n  bond .
P r e p a r a t i o n  o f  %oP(0)KER» The c h lo ro p h o s p h in y la m in e s  a r e  
p r e p a r e d  i n  an  a n a lo g o u s  manner t o  d ic h lo ro p h o s p h in y lm e th y la m in e  
a c c o r d i n g  t o  t h e  f o l lo w in g  e q u a t i o n : -
RRH~ .IIC1 +• P0C1-. C loP(0)lhffi + 2HC1 C2 5 ]
The f l u o r o -  compounds, FoP(0)NHR, a r e  made by f l u o r i n a t i o n  o f  
th e  c h lo ro *  d e r i v a t i v e s  v / i th  sodium f l u o r i d e  i n  a  s u i t a b l e  
s o l v e n t .  F u l l  d e t a i l s  a r e  g iv e n  i n  t h e  E x p e r im e n ta l  s e c t i o n .
M e th y l and e t h y l  d i c h l o r o -  and d i f l u o r o p h o s p h in y la m in e s  a r e  
c o l o u r l e s s  l i q u i d s  and th e  p h e n y l  d e r i v a t i v e s  a r e  c r y s t a l l i n e  
s o l i d s .  A l l  th e  compounds h y d ro ly s e  s lo w ly  i n  a i r .
C h a r a c t e r i s a t i o n  o f  X^ PCO^hlJR.
1) N.M.R. S r e c t r a .
H S p e c t r a .  D e t a i l s  a r e  g iv e n  i n  T ab le  1 . 1 .  These can  a l l  be 
i n t e r p r e t e d  on a  f i r s t  o r d e r  b a s i s .  The H s p e c t r a  o f  Cl^PCCOlIHMe 
and  F^PCOjNHMe have been  p u b l i s h e d  s e v e r a l  t im e s  [25 f 26] and  
t h e  r e s u l t s  h e r e  a r e  i n  g e n e r a l  ag reem en t v / i th  th o s e  a l r e a d y  
fo u n d .  The s p e c tru m  o f  Cl^PCoHlHEt i s  more com plex and  i t  •
6 *
&CK2 V h
(PITCH) Hz
C l2 P(0)NHMe 2*77 1 9 .5
C i2 P(0)FH E t 1 .7 8 3 .6 8 6 .6 2 2 .0
F2?(0)NHHe 3 .0 2 5 .8 3 U . 3
F2?(0)N HEt 1 .^ 3 3 .3 0 3 .8 0 13-7
* T h ro u g h o u t t h i s  t h e s i s  p o s i t i v e  v a l u e s o f  6 r e p r e s e n t . d o v /n f ie ld
s h i f t s  from an e x t e r n a l r e f e r e n c e .
p ro v e d  d i f f i c u l t  t o  o b t a i n  a c c u r a t e  v a l u e s  f o r  some o f  t h e  
c o u p l i n g  c o n s t a n t s *  I n  p a r t i c u l a r ,  t h e  s i g n a l  due t o  t h e  m e th y le n e  
p r o t o n s  i s  com plex s i n c e  c o u p l in g  c a n ' t a k e  p la c e  b e tw ee n  t h e s e  
p r o t o n s  and  th e  m e th y l  p r o t o n s ,  t h e  p r o to n  on th e  n i t r o g e n  
a tom  and t h e  p h o sp h o ru s  atom* The s p e c tru m  i s  r e p ro d u c e d  i n  
F i g u r e  1*1*
FIGUEE 1*1
L 4
J (C I^ -N -P )  = 2 2 Pis 
J(CH2-CH5 ) = 7.2Hz
kO Hz
W ith  F2 P(0)NEEt f u r t h e r  c o u p l in g  o f  t h e  m e th y le n e  p r o to n s  t o  
t h e  f l u o r i n e  atom s i s  o b s e rv e d .  T h e re  may be c o u p l in g  b e tw ee n
-  13 -
th e  p h o s p h o ru s  o r  f l u o r i n e  atom s and p r o to n s  i n  th e  p h e n y l
compounds b u t  t h i s  was n o t  eeasily  e s t a b l i s h e d .  C o u p lin g  
31b e tw e e n  P n u c l e i  and j r ro to n s  h a s  b een  o b s e rv e d  i n  P -p h e n y l
compounds su ch  a s  t r i p h e n y l p h o s p h i n e  and some o f  i t s  d e r i v a t i v e s
d e c o u p l in g  and s o l v e n t  s h i f t  t e c h n iq u e s *
A. s i g n a l  due t o  th e  1T-H p r o to n  i s  o b s e rv e d  i n  t h e  s p e c t r a  
o f  th e se*  p h o s p h in y la m in e s  b u t  o n ly  i n  Cl^PCcOl'THEt do es  any  
f i n e  s t r u c t u r e  ap p ea r*  Here th e  s i g n a l  i s  a  d o u b le t  o f  t r i p l e t s  
w h ich  i s  due t o  c o u p l in g  be tw een  th e  p r o to n  on th e  n i t r o g e n  
atom and  th e  p h o sp h o ru s  a tom , p l u s  f u r t h e r  c o u p l in g  t o  t h e  
m ethy j.ene  p r o to n s  o f  t h e  e t h y l  g roup  (See F ig u r e  1*2)*
s p e c t r a  o f  th e  c h lo ro p h o s p h in y la m in e s  c o n s i s t  o f  a  s i n g l e t  
v / i th  f i n e  s t r u c t u r e ,  w h i le  th o s e  o f  th e  f lu o r o p h o s p h in y la m in e s  
a l l  e x h i b i t  a  t r i p l e t .  A g a in ,  some f i n e  s t r u c t u r e  i s  o b s e r v e d .
c o u p l i n g  c o n s t a n t  J(FPNCH) b e in g  s m a l l  and n o t  r e s o l v e d .  T here
W ith  t h e s e  compounds th e  c o u p l i
FIGURE 1 .2
j ( nh~cb2 ) = 7 .8 B s
J(FH -P ) = 16.2Hz
ifO Hz
*^F and  - ^ P  S p e c t r a .  D e t a i l s  a r e  g iv e n  i n  T a b le  1 . 2 .  The *^P
The s p e c t r a  c o n s i s t  o f  a  s im p le  d o u b le t  v / i th  th e  l o n g  r a n g e
31i s  a  s h i f t  t o  h ig h  f i e l d  o f  th e  ^ P r e s o n a n c e  when R = K e ,E t  i s  
r e p l a c e d  by  R = P h , and when C l i s  r e p l a c e d  by F‘.
TA3 I 5  1 . 2  
and ^ '?  N.H.B. S p e c t r a  o f  X2 P(0)NHR
6P 6f J(Pn.F)Hs
C l2 P(0)NHMe 1 8 .A
Cl F(0)HEEt 1 5 .6
C l2 P(0)NHPh 9 .0
F ^P( 0 ) NKMe - 0 .2 -8o .o 1015
F2P(0)NHEt - 5 . 8 - 8 2 .5 1015
F2P(0)NHPh - 8 .5 - 7 5 .0 1021
To f a c i l i t a t e  p h y s i c a l  o r  c h e m ic a l  u n d e r s t a n d i n g  o f  t h e  
o b s e rv e d  t r e n d s  i n  c h em ica l  s h i f t s  n u c l e a r  s h i e l d i n g  can  be 
d i v i d e d  i n t o  a  number o f  p h y s i c a l l y  d i s t i n c t  c o n t r i b u t i o n s ,  an  
a p p r o x im a t io n  f i r s t  made by S a ik a  and S l i c h t e r  [ 2 8 ] .  T h is  
a p p r o a c h ,  how ever, p r e v e n t s  any e x a c t  i n t e r p r e t a t i o n  o f  o b s e rv e d  
v a l u e s  o f  c h e m ic a l  s h i f t s ,  N u c le a r  s h i e l d i n g  i s  r e g a r d e d  a s  
b e i n g  composed o f  th e  f o l lo w in g  c o n t r i b u t i o n s
A) M agnetic  f i e l d s  a r i s i n g  from l o c a l  d ia m a g n e t ic  c u r r e n t s .
B) M agne tic  f i e l d s  a r i s i n g  from l o c a l  p a ra m a g n e t ic  c u r r e n t s .
C) M agnetic  f i e l d s  due t o  in d u c e d  c u r r e n t s  i n  d i s t a n t  e l e c t r o n s .
I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  d i f f e r e n c e s  i n  A a r e  r e s p o n s i b l e
f o r  p r o t o n  c h e m ic a l  s h i f t s  w h ile  f o r  a l l  o t h e r  n u c l e i  ch a n g e s  i n  
B a r e  t h e  dom inant cau se  o f  o b se rv e d  c h e m ic a l  s h i f t s .
The mechanisms c o n t r i b u t i n g  t o  A and 33 have been  c l a s s i f i e d  
i n t o  th r o u g h —bond and th ro u g h —sp ace  e f f e c t s  and have b een  
d i v i d e d  i n t o  th e  seven  c a t e g o r i e s : —
i )  I n d u c t i v e  and re so n a n c e  e f f e c t s .
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i i )  M agnetic  a n i s o t r o p y  e f f e c t s *  
i l l )  E l e c t r i c  f i e l d  e f f e c t s *
i v )  R in g  c u r r e n t  e f f e c t s *
v) Van d e r  W aals and s t e r i c  e f f e c t s .
v i )  I n t r a m o l e c u l a r  hydrogen  b o n d in g .
v i i )  I s o t o p e  s h i f t s ®
T hese  e f f e c t s  have b een  rev ie w e d  r e c e n t l y  £293® The d i f f i c u l t y
i n  i n t e r p r e t a t i o n  o f  d a t a  a r i s e s  v;hen more th a n  one m echanism
i s  o p e r a t i n g  a t  any  one t im e .
19S h i e l d i n g  changes  o f  F n u c l e i  i n  d i f f e r e n t  compounds
a r e  g e n e r a l l y  r e g a r d e d  a s  b e in g  a lm o s t  e n t i r e l y  due t o  c h a n g e s
i n  B, t h e  f a c t o r  a f f e c t i n g  B b e in g  changes  i n  t h e  p - e l e c t r o n
d i s t r i b u t i o n  a ro u n d  th e  f l u o r i n e  n u c l e u s ;  f o r  exam ple ,  com pared
w i t h  a  c o n v e n t io n a l  X-F bond, s t r u c t u r e s  s u c h  a s  X^+-  i n
19w h ic h  t h e  e l e c t r o n i c  d i s t r i b u t i o n  a b o u t  th e  F n u c l e u s  
a p p r o x im a te s  more t o  t h a t  o f  th e  F i o n ,  a r e  th o u g h t  t o  h av e  
a  m ore s h i e l d e d  n u c l e u s .
R e c e n t  w ork , how ever, has  shown t h i s  t o  be a  p o s s i b l e  
o v e r - s i m p l i f i c a t i o n .  De Marco and G a t t i  have o b s e rv e d  t h a t  
s u b s t i t u t i o n  o f  brom ine f o r  c h l o r i n e  a t  X i n  CF^CFXCF^X 
p r o d u c e s  a  d e s h i e l d i n g  o f  th e  f l u o r i n e s  [3 0 ]  • T h is  i s  a  
t h r o u g h - s p a c e  e f f e c t ,  th e  im p o r tan ce  o f  w h ich  h a s  b een  d i s c u s s e d
e l s e w h e r e  [ 3 1 ] •
N e v e r t h e l e s s ,  u s in g  th e  a p p ro x im a t io n s  d e s c r ib e d  above 
a  good a t t e m p t  can  be made to  i n t e r p r e t  observed , experimental 
d a t a .
The th e o r y  o f  ch em ica l  s h i f t s  h as  been  d i s c u s s e d  by 
Van W azer and L e tc h e r  [^>2] . They co n c lu d ed  t h a t  n u c l e a r  
s h i e l d i n g  i s  a g a i n  a f f e c t e d  by changes  i n  B w hich  a r e  c a u s e d
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Ov cuaiigeo  i n  v,ne io n i c  c h a r a c t e r  o f  th e  c  bond be tw een  
phosphoru .s  and o th e r  a tom s, and th e  amount o f  w -b o n d in g  w hich  
i s  p r e s e n t*
ih e  s p e c t r a  cosei 'ved  i n  t h i s  work have been  i n t e r p r e t e d  i n
t h e  l i g h t  o f  t h e s e  o b s e r v a t i o n s .
The s h i f t  t o  h ig h e r  f i e l d  o f  th e  re s o n a n c e  o f  th e  *^P n u c l e i
i n  t h e  p h o s p h in y la m in e s ,  X2P(0)NKR, a s  d e t a i l e d  i n  T a b le  1 . 2 ,
c a n  t h e r e f o r e  be i n t e r p r e t e d  a s  b e in g  due t o  an  i n c r e a s e  i n  t h e  
31s i n  e l d  m g  o f  th e  ^ P n u c l e i  a s  R changes  from R = Me and E t t o
31R = P h .  The d i f f e r e n c e  i n  th e  c h e m ic a l  s h i f t  o f  t h e  P n u c l e i
a s  R c h a n g e s  from Me to  E t i s  s m a l l ,  how ever, i n  t h e  p h e n y l
compounds i t  i s  p o s s i b l e  t h a t  th e  s p a t i a l  a r ra n g e m e n t  o f  th e
p h e n y l  g roup  r e l a t i v e  to  th e  n i t r o g e n  atom p r e v e n t s  any
d e l o c a l i s a t i o n  d f  th e  lo n e  p a i r  o f  e l e c t r o n s  on th e  n i t r o g e n  a t  ora,
T h i s  would have th e  e f f e c t  o f  i n c r e a s i n g  t h e  e l e c t r o n  d e n s i t y
a ro u n d  th e  phosphorus  n u c le u s  r e s u l t i n g  i n  an i n c r e a s e  i n  th e  
31 P c h e m ic a l  s h i f t .
R ep lacem en t o f  c h l o r i n e  a t t a c h e d  t o  p h o sp h o ru s  by f l u o r i n e
a l s o  c a u s e s  th e  ^ P  s i g n a l  t o  move u p f i e l d .  The g x 'e a te r
e l e c t r o n e g a t i v i t y  o f  f l u o r i n e  i n c r e a s e s  th e  doub le  bond
c h a r a c t e r  o f  th e  phosphorus  ha lo g en  bond t h e r e b y  i n c r e a s i n g
T1t h e  s h i e l d i n g  o f  th e  J  P nuc leus*
2 )  I n f r a r e d  S p e c t r a . The i n f r a r e d  s p e c t r a  were r e c o r d e d  
e i t h e r  a s  l i q u i d  f i lm s  o r ,  i n  th e  c a s e  o f  t h e  p h e n y l  compounds, 
a s  m u l l s  u s i n g  b o th  n u j o l  and f lu o r o lu b e  a s  m u l l in g  a g e n ts*
T here  i s  a  c e r t a i n  amount o f  c o n t r o v e r s y  i n  t h e  l i t e r a t u r e  
a b o u t  th e  a ss ig n m e n t o f :phosphorus  n i t r o g e n  s t r e t c h i n g  
f r e q u e n c i e s ,  e s p e c i a l l y  i n  f l u o r i n e  d e r i v a t i v e s .  T h i s  i s  due 
t o  t h e  f a c t  t h a t  b o th  phosphorus f l u o r i n e  and ca rb o n  n i t r o g e n
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s t r e t c h i n g  f r e q u e n c i e s  o c c u r  i n  a b o u t  th e  same r e g i o n  o f  th e
s p e c t ru m  a s  t h a t  e x p e c te d  f o r  p h o sp h o ru s  n i t r o g e n  f r e q u e n c i e s .
C h i t t e n d e n  and Thomas recommended i d e n t i f i c a t i o n  o f  th e  p eak s
. due t o  P~N v i b r a t i o n s  by  i n d i r e c t  c o r r e l a t i o n s  m a in ly  a r i s i n g
from  th e  p e r t u r b i n g  e f f e c t s  o f  P-N bonds on th e  v i b r a t i o n a l
. f r e q u e n c ie s  o f .o t h e r .bonds  i n  th e  m o l e c u l e s ,  s u c h  a s  N-H, P=0
e t c #  [33*J« N y q u is t  e t  a l . ,  how ever ,  made th e  o b s e r v a t i o n  t h a t
o rg a n c p h o s p h o ru s  compounds c o n t a i n i n g  t h e  CIIh-I'IH-P g ro u p  showed
-1s t r o n g  b an d s  n e a r  11GQ cm* w hich  th e y  a s s i g n e d  t o  a sy m m etr ic
and  sym m etric  P-N-C s t r e t c h i n g  modes [3*1-3* I n  v iew  o f  t h e  f a c t  t h a t
a  m ix in g  o f  t h e  P-IT and  C-N v i b r a t i o n s  a lm o s t  c e r t a i n l y  o c c u r s ,
t h e  a s s ig n m e n t  o f  p eak s  t o  v_ (P-K-C) and  v (P-N-C) seems th ea s  s
b e s t  way o f  i n t e r p r e t i n g  t h e  s p e c t r a  r e p o r t e d  h e re *
A summary o f  t h e s e  b a n d s ,  t o g e t h e r  w i th  t h e  a s s ig n m e n ts
made f o r  v (P -F )  and y (P -C l)  i s  g iv e n  i n  T a b le  1*3* The c o m p le te
s p e c t r a  a r e  d e t a i l e d  i n  t h e  E x p e r im e n ta l  s e c t i o n *
Bands a s s ig n e d  t o  v .(P-hT-C) a r e  s h i f t e d  t o  a  h i g h e ra s
f r e q u e n c y  on th e  s u b s t i t u t i o n  o f  c h l o r i n e  by f l u o r i n e  p o s s i b l y  
b e c a u s e  t h e  i n c r e a s e d  e l e c t r o n e g a t i v i t y  o f  f l u o r i n e  c a u s e s  t h e  
lo n e  p a i r  o f  e l e c t r o n s  on th e  n i t r o g e n  atom  t o  be drawn i n t o  th e  
P—Itf b o nd , t h u s  s t r e n g t h e n i n g  th e  l i n k a g e *
S t u d i e s  have shown t h a t ,  w h i le  v(P=0) dep en d s  on th e  
e l e c t r o n e g a t i v i t y  o f  th e  s u b s t i t u e n t s  a t t a c h e d  t o  p h o s p h o ru s ,  
t h i s  c o r r e l a t i o n  b r e a k s  dcvm when t h e r e  a r e  a lk y la m in o  g ro u p s ,
PEP, p r e s e n t  [353* T h is  i s  due t o  t h e  te n d e n c y  o f  i n t r a ­
m o l e c u la r  h y d ro g en  b o n d in g  t o  lo w er  th e  v a lu e  o f  v(P=0)*
A band a t  1260  cm* i n  ea c h  o f  th e  c h lo ro p h o s p h in y la m in e s  
c a n  be r e a d i l y  a s s ig n e d  t o  v(P=G)* T h i s  com pares  w i th  1275 cm! ‘ 
i n  C l2P(0)hK e2 C35]• The f re q u e n c y  i s  u n a f f e c t e d  by th e  n a t u r e
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TAELS 1 .3
Summary o f  I n f r a r e d  S o e c t r a  o f  X_P(0)FKP    — —-------—     ^ ......
v(P=0) v(FPO)* v(PF) : v (PC l)  cmT*
C l2 P(0)NEKe 1260 1090 ,855 580  v b r
C l„P(0)I\TEEt 1260 1 0 8 0 ,8 5 2 580  vb r
C IpP( 0 ) NHPh 1260 1 1 0 5 , 8^0 560
F^P( 0 ) NHMe 1327 1125 ,915  93^
F~P( 0)lTKStt± 1312 1 1 2 2 ,9 0 0  b r  900
F2 P(0)KEPh 1300 n / f O ,9 i o  930
* T h ese  v a l u e s  c o r r e s p o n d  t o  v(P~N«C) a sy m m etr ic  and sym m etric  
s t r e t c h i n g  v i b r a t i o n s ;  th e  asym m etr ic  b e i n g  a t  th e  h i g h e r  
f re q u e n c y *
o f  t h e  s u b s t i t u e n t s  on th e  n i t r o g e n  atom b u t  i s  i n c r e a s e d  by ^ 6 0  cm.
when th e  c h l o r i n e  atoms a t t a c h e d  t o  p h o s p h o ru s  a r e  r e p l a c e d  by
f l u o r i n e .  A g a in ,  th e  f r e q u e n c y  i s  lo w e r  th a n  i n  th e  c o r r e s p o n d in g
...'I
d ia lk y la m in o  d e r i v a t i v e s .  I n  F2 P(0)NEMe v(P==0) o c c u r s  a t  1325 cm.
—1w h i l e  i n  F2 P(0)KMe2 i t  i s  a t  13^5 cm. [ 3 6 ] .  T h i s  s u g g e s t s  
t h a t  t h e r e  i s  a  s t r o n g  d e g re e  o f  i n t r a m o l e c u l a r  h y d ro g en  b o n d in g  
i n  t h e  com pounds, o f  th e  t y p e : -
0  H
it I 
> p  K-P
The b an d s  w hich  a r e  a s s i g n e d  t o  v(IT-H) i n  t h e  s p e c t r a  o f  
X^P( 0 ) KHR, w h ich  were r e c o r d e d  i n  t h e  l i q u i d  p h a s e ,  o c c u r  a t  m3200 cm. 
and  a r e  b ro a d  and  u n r e s o l v e d .  The r e l a t i v e l y  low f r e q u e n c y  
and  t h e  b r o a d n e s s  o f  th e  bands  a g a i n  i n d i c a t e  t h e  p r e s e n c e  
o f  i n t r a m o l e c u l a r  hydrogen  b o n d in g .
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P eaks  due to  th e  p h o sp h o ru s  f l u o r i n e  s t r e t c h i n g  v i b r a t i o n s
a r e  d i f f i c u l t  t c  a s s i g n  u n am b ig u o u s ly ,  a s  t h e r e  i s  a lm o s t
c e r t a i n l y  c o u p l in g  o f  t h e  v i b r a t i o n s •w i th  th e  P-LT-C s t r e t c h i n g
mode. T h i s  p ro b lem  has  b een  e n c o u n te r e d  w i th  o t h e r  d e r i v a t i v e s
[3 7 ]*  b u t  th e  f r e q u e n c y  o f  th e  F«F asy m m etr ic  s t r e t c h i n g
v i b r a t i o n  p r o b a b ly  o c c u r s  a t  </>910 cm. . Eands due t o  P -C l  s t r e t c h e s ,
—1o b s e rv e d  a t  5 8 O-5 6 O cm. , a r e  r e a d i l y  i d e n t i f i a b l e ,  b e in g  v e ry  
s t r o n g  and  b r o a d .  T h e i r  f re q u e n c y  v a r i e s  s l i g h t l y  from 
compound t o  compound b u t  no u n d e r l y i n g  t r e n d  i n  th e  s h i f t  i s  
a p p a r e n t »
3) Mass S p e c t r a .  Only th o s e  o f  t h e  d i f l u o r o p h o s p h i n y la m in e s ,.  <i ■ wa n — 1 p-iH Vi!—nM     mm •*. u . *J t
F^PCCOl-THjR, were r e c o r d e d .  The s p e c t r a  o f  F2 P(0)NHEt and F ^F (0) ■ TIiFh, 
s i n c e  th e y  a r e  r e l a t i v e l y  s im p le ,  a r e  g iv e n  i n  d e t a i l  i n  T ab le  1 . h .  
The s p e c tru m  o f  F2P(0)NHMe h a s  been  p u b l i s h e d  s e v e r a l  t im e s  
C 3 S ,3 9 l9 b u t  i s  d i s c u s s e d  f o r  c o m p a r is o n .
The most i n t e n s e  peak  i n  eac h  s p e c tru m  c o r r e s p o n d s  t o  a  
d i f f e r e n t  ty p e  o f  i o n  i n  e ac h  c a s e .  W ith  FpP(0)NHMe i t  i s  th e  
i o n  F2 P ( 0 ) ' r . I n  th e  p u b l i s h e d  s p e c tru m  o f  t h i s  compound, th e  
m ost ab u n d an t p eak  c o r r e s p o n d s  to  th e  m o l.ecu la r  i o n ,  F~P(0)NHCHld. J>
(F oP ( 0)NECELT 23*7?o; FoP ( 0 ) + , 8 .2%. I n t e n s i t i e s  a r e  m easured
d .  3 c .
h e re  r e l a t i v e  t o  th e  t o t a l  i o n i s a t i o n  d e f i n e d  a s  E  ( i n t e n s i t y )n *
f o r  a l l  i o n s  w i th  mass g r e a t e r  th a n  39 ivhose i n t e n s i t y  i s  g r e a t e r  
th a n  2% o f  th e  b a se  p eak  )- £ 3 9 !•  I t  i s  p o s s i b l e  t h a t  th e  
s p e c tru m  o f  F2 P(0)NEI-!e d e s c r ib e d  i n  t h i s  v/ork i s  u n u s u a l .  I t  
may have  b een  r e c o r d e d  a t  a  h i g h e r  t e m p e r a tu r e  o r  a d i f f e r e n t  
i o n i s i n g  v o l t a g e  from th e  p r e v i o u s l y  r e c o r d e d  s p e c tru m  t h u s  
c a u s i n g  t h e  m o lecu le  to  f ra g m e n t  more e a s i l y .
The s t r o n g e s t  peak  i n  th e  s p e c tru m  o f  F2 P (0 )Ih i£ t  c o r r e s p o n d s  
t o  l o s s  o f  a  m e th y l  g ro u p ,  F^P (0 )r i0 E ^  a n o t  uncommon p r o c e s s
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Hass S pe c  t  r a  0 f  FnP ( 0 ) 1
F P(0)HEEt FJP(0)SHPh
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129 f ^ p ( o ) m ic h . c h J  2 2 20 178 f 2 f ( 0 )kh2 c 6 h | 10
114 F2 P ( 0 )N1ICH2 100 177 F,P(0)K H C,H i 2 6 5
ICO
112 F„Pi\TCH0G:<2  2 j> 5 176 F2 P ( 0 )FCgH* p
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Jj
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continued
( 0 ) FEMe
m/ e A ssignm ent i n t e n s i t y
115 F? P(0)KHCHi 10
1-1 if F*,P(0)I\TCH*d $ 5
101 F PCOKH^ AO
98 hapkgh: 2 ^ A-
85 f 2p ( o ) + .400
66 FP( 0 ) + 3
50
JL
F P ‘ 2
> 7 P (0 )  + 5
50 CH.N+if 36
29 CH-.N+5 28
28 ch 2h + 50
k o t e s : -
i )  I n t e n s i t i e s  a r e  m easured  a s  f r a c t i o n s  o f  th e  most ab u n d an t 
p h o s p h o ru s  c o n t a i n i n g  p e a k .
11) O nly  t h o s e  p eak s  >1% r e l a t i v e  i n t e n s i t y  above m/e = 28 
a r e  d e t a i l e d .
~ 22 -
i n  o r g a n ic  m o le c u le s  LA-0], The m o le c u la r  i o n  i s  th e  most 
a b u n d an t  p eak  i n  th e  spec trum  o f  FnP(0)KHPh, I t  seems l i k e l y  
t h a t  th e  d e l o c a l i s a t i o n  o f  e l e c t r o n s  w hich  can  ta k e  p l a c e  i n  
t h i s  io n  make i t  r e l a t i v e l y  s t a b l e .
P eaks  c o r r e s p o n d in g  t o  the. l o s s  o f  OK" a r e  o b s e rv e d  i n  th e  
s p e c t r a  o f  F^P( 0 )NHI-le and F^P( 0 ) UKSt b u t  n o t  i n  t h a t  of F2P(0)lK2Ph, 
T h i s  s u g g e s t s  t h a t  th e  h y d rogen  w hich  i s  t r a n s f e r r e d  t o  th e  oxygen 
comes from th e  a l k y l  g roup  and n o t  from th e  n i t r o g e n  a to m ,
D ip h o s p h in y la jn in e s « T h is  'work was u n d e r ta k e n  w i th  t h e  aim  
o f  p r e p a r i n g  a  s e r i e s  o f  d e r i v a t i v e s  o f  m ono-, d i ~ ,  t r i -  
and t e t r a f l u o r o - . s u b s t i t u t e d  d e r i v a t i v e s  o f  t h e  t e t r a c h l o r o -  
d ip h o sp h in y la m in .e s ,  [C12 P ( 0 ) ] 2 IIR, R ~ Me, E t  and Ph«.
P r e p a r a t i o n  o f  P ip h o s 'p h in y la m in e s o The  b i s ( d i c h l o r o p k o s p h i n y l ) -  
a m in e s ,  [ C loP ( 0 ) ]  NR, a r e  p r e p a r e d  a c c o r d in g  t o  t h e  f o l l o w i n gid d.
e a n a t i o n : -
E t  N
C loP(0)NKR + P (0 )C 1 ,  ~ 4  [C1^P(0)]_IIR
2  5 -E C l 2 2
T h is  r o u t e  h a s  b een  u sed  p r e v i o u s l y  t o  s y n t h e s i s e  th e  N -m ethy l
d e r i v a t i v e ,  [Cl^PCC^l^NKe [ 1 6 ] ,  The c o n d e n s a t io n  o f  C l2 P(0)KHEt
with P(0)C15 dees not readily go to completion although no
d i f f i c u l t y  i s  e x p e r i e n c e d  i n  th e  p r e p a r a t i o n  o f  th e  N~phenyl
d e r i v a t i v e .
The s y n t h e s e s  of mono— and gem d i f l u o r o -  d e r i v a t i v e s  of
CCl^PCO)]^!© can  be a c c o m p lish e d  by th e  r o u t e : -
E t  H
CloP(0)NHR + P(0)C1, F — 4 CloP(0)KEP(0)Clo F2 5 —n n 2 —n n
T here  i s  no n*m,r, e v id e n c e  t h a t  t h e  d i f l u o r o -  derivative 
u n d e rg o e s  a  r e a r r a n g e m e n t  o f  th e  ty p e
c i 2 p ( o ) n r f ( o ) f 2 — > C c i f p C o ) ] 2 hr
a t  room t e m p e r a t u r e .
TABLE 1 ,5
6p f ?
1 ,0 {PF)Iiz
-33*6 20 8 .3 ( i )
- 6 3 .0 921*0 ( i i )
-73*0 1 0 1 3 .0 ( i i i )
- 7 6 .3 1 0 2 1 .0 ( i v )
A tte m p ts  t o  s y n t h e s i s e  th e  same d i f l u o r o — d e r i v a t i v e  by 
t h e  a l t e r n a t i v e  r o u t e ,
Et„N
f 2 f < o ) h e r  + P(0)C1_ —4  FoP(C)ILRP(0)C1d
^ —HC1 ^ 2
w ere  l e s s  s u c c e s s f u l  i n  t h a t  th e  d e s i r e d  p r o d u c t s  c o u ld  n o t
be o b t a i n e d  p u r e .  The i m p u r i t i e s  c o n s i s t e d  o f  th e  s t a r t i n g
m a t e r i a l s  and o t h e r  p r o d u c t s ,  some o f  w hich  may have b een
a d d u c t s  form ed be tw een  E t N and P(0)C1^. o r  be tw een  Et.IT and F ] (O)'-^P.j  2 3 ' 2
A t te m p ts  t o  p ro v e  th e  e x i s t e n c e  o f  an  a d d u c t  be tw een  P (0 )C 1 ,
3
an d  Et^K by  n . m . r .  s p e c t r o s c o p y  w ere u n s u c c e s s f u l .  The s low
a d d i t i o n  a t  0 °C o f  E t y i  t o  P(0)C1 p ro d u c e s ,  a  d a rk  r e d  l i q u i d
'I
b u t  t h e  H n . m . r .  sp e c tru m  o f  th e  Et^N r e m a in s  u n ch an g e d .
Even when th e  m e th y l  p ro to n s  a r e  d e c o u p le d  from th e  m e th y len e  
o n e s  i n  an  a t t e m p t  t o  o b se rv e  c o u p l in g  t o  t h e  p h o sp h o ru s  
n u c l e u s ,  no s p l i t t i n g  o r  even  b ro a d e n in g  o f  th e  s i g n a l  i s  
o b s e r v e d .
VJhen F P(0)KHMe i s  mixed w i th  Et„N a t  0°C i n  c h lo ro f o r m ,  
and a l lo w e d  t o  warm to  room t e m p e r a t u r e ,  t h e  ^ F  n . m . r .  s p e c tru m  
o f  t h e  m ix tu r e  shows t h r e e  d o u b l e t s  i n  a d d i t i o n  t o  one due t o  
^ 2 ^>(0)hHI-ie. T a b le  1«5 g iv e s  d e t a i l s  o f  t h e  co m p le te  s p e c t ru m .
When th e  m ix tu re  i s  r e f l u x e d  a t  60°C f o r  two h o u rs  th e
-  2 br -
a p p e a ra n c e  o f  t h e  s p e c tru m  c h a n g e s ,  t h e r e  b e in g  an i n c r e a s e  i n  
t h e  i n t e n s i t y  o f  ( i v )  w h i le  ( i i i )  d e c r e a s e s *  A p o s s i b l e  
i n t e r p r e t a t i o n  i s  t o  p ro p o se  th e  s e l f  c o n d e n s a t io n  o f  F^PtOjlTHHe* 
Such a  c o n d e n s a t io n  would g iv e  r i s e  t o  th e  f o l l o w i n g  ty p e  o f  
r e a c t i o n s -
Et-IT
F P  (0 ) ITEMe — 4  F- P (0  ) iH-Ie P (0 ) FITHMe .
2  -HF 2
F u r t h e r  c o n d e n s a t io n  c o u ld  th e n  t a k e  p la c e  l e a d i n g  t o  p o ly m e r ic
s p e c i e s .
T h is  d i f f e r e n c e  i n  mode o f  a c t i v i t y  o f  C lC)P(0)NEMe and 
F_P(0)i\HMe w i th  P (0 )C 1 -  can  be e x p l a in e d  i n  te rm s  o f  th e  
d i f f e r e n c e  i n  e l e c t r o n e g a t i v i t y  betx^een th e  c h l o r i n e  and 
f l u o r i n e  atoms* The g r e a t e r  e l e c t r o n e g a t i v i t y  o f  th e  f l u o r i n e  
atom  s h o u ld  make th e  p h o sp h o ru s  atom i n  F^F^OjNHMe more
s u s c e p t i b l e  t o  n u c l e o p h i l i c  a t t a c k  th a n  th e  one i n  Cl^PtO/NHKe,
and t h e r e f o r e  th e  f l u o r i n e  d e r i v a t i v e  s h o u ld  be a b l e  t o  form  a  
s t r o n g e r  a d d u c t  w i th  E t^N .
B ecause  o f  th e  com plex n a t u r e  o f  th e  r e a c t i o n s  i n v o l v i n g  
F^PCOjNKMe, th e  t r i f l u o r o -  d e r i v a t i v e  F2 p ( 0 )k P P (0 )F 01  c o u ld  
n o t  be  p r e p a r e d  by th e  r o u t e
Eh-IT
F P(0)NHMe + P(0)FC1 —4  F? P (0) EMeP (0)  FC1
^ -HC1
When t h i s  r e a c t i o n  was c a r r i e d  o u t  o n ly  an  u n i d e n t i f i e d
m ix tu r e  o f  p r o d u c t s  was o b ta in e d *  I t  c o u ld  be s e e n  from  th e  
19F n .m . r *  s p e c tru m  o f  th e  r e a c t i o n  m ix tu r e  t h a t  a t  l e a s t
s e v e n  d i f f e r e n t  s p e c i e s  c o n t a i n i n g  P -F  bonds  were p r e s e n t ,
two o f  w h ich  had  s i m i l a r  c h e m ic a l  s h i f t s  and  c o u p l in g  c o n s t a n t s
to  ( i i )  and  ( i v )  i n  T ab le  1.5* t h a t  i s .  p r o d u c t s  o f  t h e
r e a c t i o n  be tw een  F-?(0)KHKe and  Et,N *2 y
A p o s s i b l e  way o f  p r e p a r i n g  th e  t r i f l u o r o -  d e r i v a t i v e s  
may be v i a  th e  s e r i e s  o f  r e a c t i o n s : -
-  25  -
P (0) FC1 ■— > FC IP  (0) 3‘JHR
Et_.N
P ( 0 ) F_G1 - - 4  FC II-1 ( C)) NRP ( 0 ) F
-HC1
T hese  v;ere n o t ,  how ever,  i n v e s t i g a t e d *
The t e t r a f l u o r o -  d e r i v a t i v e s ,  C F ^ P C O ) a r e  made
I t  i s  found  t h a t  b e t t e r  y i e l d s  a r e  o b ta in e d  when th e  r e a c t i o n s
a r e  c a r r i e d  o u t  u n d e r  n i t r o g e n  i n  th e  p r e s e n c e  o f  a  s o l v e n t
r a t h e r  t h a n ,  a s  p r e v i o u s l y  d e s c r i b e d ,  w i th o u t  s o lv e n t s *
An iso m e r  o f  C loP(0)NMeP(0)F_ can  be o b t a in e d  a s  a  d d
m ix tu r e  o f  d i a s t e r e c i s o m e r s  from th e  r e a c t i o n : -
A p u re  sam ple o f  t h i s  compound co u ld  n o t  be o b ta in e d *  I t  was 
i d e n t i f i e d  s o l e l y  from i t s  n*m «r. s p e c t r a ,  w h ich  a r e ,  how ever,  
c h a r a c t e r i s t i c  and a r e  d e s c r ib e d  . in  d e t a i l  l a t e r *
A l l  th e  compounds CX^PCcOI^KR a r e  m o i s t u r e - s e n s i t i v e  
l i q u i d s  o r  s o l i d s  a n d ,  w i th  t h e  e x c e p t io n  o f  t h e  f l u o r o -  
p h o s p h i n y l a n i l i n e  compounds, r e a d i l y  s o l u b l e  i n  n o n - p o la r  
s o l v e n t s *
C h a r a c t e r i s a t i o n  o f  th e  D ip h o s o h in y la m in e s * I t  p ro v e d  
d i f f i c u l t  t o  o b t a i n  p u re  sam p le s  o f  a l l  t h e  d i p h o s p h i n y l -  
am ines*  T h is  i s  a t t r i b u t e d  t o  two main r e a s o n s : -
i )  The d i f f i c u l t y  o f  rem ov ing  a l l  t h e  t r i e t h y l a m i n e  
h y d r o c h lo r i d e  w hich  i s  a  b y - p r o d u c t  i n  th e  r e a c t i o n s  and 
w h ich  seems to  be s l i g h t l y  s o l u b l e  i n  th e  d ip h o s p h in y la m in e s *
i i )  The f o r m a t io n  o f  a d d u c t s  o f  t h e  ty p e  X^PCcONHR.Et JN o r  
P (0 )C l_ r w hich o c c u r s  t o  a  g r e a t e r  o r  l e s s e r  e x t e n t
i n  e v e r y  r e a c t i o n *
The b i s ( d i p h o s p h i n y l ) a n i l i n e  compounds a r e  p a r t i c u l a r l y
e m p lo y in g  th e  r o u t e  a l r e a d y  known f o r  [Fp.p( 0 ) l^NMe :«
E t N ^
F P(0)NHR + P (0 )F ?C1 —4  [F  P (0 ) ]  PR
^ ^ -HC1
[21]
[ F C l P ( 0 ) ] oNMe + 2H e_SiCl2P(0)FC 1
- 2  6 -
TABLE 1 .6
H N .K .P . S p e c t r a  o f  Edphosp h in y  1 am ines
6ch_5 bG H2
^ J (PKCH)Hs
C l P(0)NM eP(0)FCl 3,37 14 -1  o r  1 2 .1
C l2 P(0)N E tP ( '0 )F C l 2.03 4.37 14.5
C l2 P(0)I?HeP(0)F2 3.87 11.6 ,11 .0
c i  p(o)rcstP(o)F2 2 .0 0 4. 28 18 .0
F2 P(0)KI^eP(0)F2 3«49 1 0 .8
F P (0 )N E tP (0 )F p 1.70 4.15 1 5 .0
d i f f i c u l t  t o  i s o l a t e  s i n c e  th e y  p o ly m e r is e  i f  h e a t e d  above ‘/,v/18g 0C
u n d e r  r e d u c e d  p r e s s u r e .  They c o u ld  n o t  t h e r e f o r e  be d i s t i l l e d
from  th e  r e a c t i o n  m i x t u r e s .
1) N .H .P . S p e c t r a .
1H S p e c t r a .  A l l  t h e  d ip h o sp h in y la m z n e s  g iv e  p r o to n  s p e c t r a
w h ic h  a r e  f i r s t  o r d e r ,  a l th o u g h  v;eak ^J(-FPNCH) c o u p l in g
so m etim es  makes i t  d i f f i c u l t  t o  d e te rm in e  a c c u r a t e  v a l u e s  o f  
■z
J(PNCH). S in c e  s e v e r a l  o f  th e  compounds c o n t a i n  p h o sp h o ru s  
i n  two m a g n e t i c a l l y  d i f f e r e n t  e n v i ro n m e n ts ,  i t  s h o u ld  be 
p o s s i b l e  t o  d i f f e r e n t i a t e  be tw een  th e  two d i f f e r e n t  v a l u e s  
o f  J ( PNCE) o Only i n  th e  c a s e s  o f  F2 P (0)K H eP(0)C l2 and 
FClP(0)N M eP(0)C l2 i s  i t  p o s s i b l e  t o  do s o .  D e t a i l s  o f  th e  
s p e c t r a  a r e  g iv e n  i n  T ab le  1 . 6 .
The r e s u l t s  i n  T ab le  1 .6  r e v e a l  t h a t  t h e r e  i s  an  i n c r e a s e
"Z
i n  t h e  c o u p l in g  c o n s t a n t  'v(PKCK) on th e  r e p la c e m e n t  o f  m e th y l  
by e t h y l  i . e .
3 j ( p n c e 0c e 7 ) >  3 j ( p i j c h , )— —2 3  — —A
TABLE 1 . 7
31P . S p e c t r a  o f  M p k o c p h in y la m x n e s
&P(0)FC1 6 P(0)C 1? 6 p ( o ) f 2 2 j(PNP)Hz
C l2 P(0)HM eP(0)FCl 1 .3 1 0 .5 2 1 .0
C l2 P (0 )H E tP (0 )F C l 0 .6 9 .0 2 1 .0
e i 2P(0)XIPhP(0)FCl - 2 . 5 7 .6 4 1 .0  .
C l2P (0 )M !e P (0 )F 2 11 .5 - 1 4 . 4
C l2P(0)K E tP<0)F 1 0 .5 - 1 5 .0
C l P(0)h"PhP(0)F2
*
n . o . n . o .
F2 P(0)NM eP(0)F2 - 1 4 .0 3 2 .2
F2 P (0 )N E tP (0 )F 2 - 1 4 . 3 3 4 -0
F2 P (0 )N P hP (0 )F 2
o•oOJI . 3 4 .0
FC IP(0 )  KMeP( 0 ) FC1 2 8 . 2 , 2 6 . 5
* n o t  o b s e rv e d
The n a t u r e  o f  t h e  h a lo g e n  atom a t t a c h e d  t o  phosrd iorus  makes 
l i t t l e  d i f f e r e n c e  t o  th e  m agn itude  o f  th e  c o u p l in g  c o n s t a n t  
b u t  i t  do es  a f f e c t  th e  c h e m ic a l  s h i f t ,  o f  the- p r o t o n s .  They 
move t o  lo w er  f i e l d  b e in g  l e s s  s h i e l d e d  w i t h  i n c r e a s i n g  
e l e c t r o n e g a t i v i t y . o f  . t h e  s u b s t i t u e n t s  '.on t h e .  p h o sp h o ru s  atom* 
W ith  th e  p h o s p h in y la m in e s ,  X2 P(0)NKR, ^J(PNCH) d e c r e a s e s  when 
X = C l i s  r e p l a c e d  by X = F , t h e r e f o r e  t h e  p r o to n s  i n  t h e  
p h o s p h in y la m in e s  a r e  more s u s c e p t i b l e  t o  v a r i a t i o n s  i n  t h e  
s u b s t i t u e n t s  on p h o sp h o ru s  th a n  a r e  th e  p r o to n s  i n  th e  
d ip h o s p h in y l a m i n e s .
^  P S p e c t r a .  D e t a i l s  a r e  g iv e n  i n  T ab le  1 . 7 .  The ^ P s p e c t r a
-  28 -
o f  t h e  m e th y l  and e t h y l  d ie  h lc r -o p h o sp h iry  fa m in e s  a r e  r e l a t i v e l y  
s im p le  t o  i n t e r p r e t .  The r e s o n a n c e s  due t o  t h e  two d i f f e r e n t  
p h o s p h o ru s  n u c l e i , - w h e n  p r e s e n t ,  a r e  r e a d i l y  d i s t i n g u i s h a b l e .
The one w i th  th e  g r e a t e r  number o f  f l u o r i n e  atom s a t t a c h e d  
a lw a y s  o c c u r s  a t  th e  h ig h e r  f i e l d ,  s i n c e  t h e  more f l u o r i n e  a tom s 
t h e r e  a r e  a t t a c h e d  t o  p h o s p h o ru s ,  t h e  more th e  p h o sp h o ru s  c a n  
t a k e  p a r t  i n  Tr-bonding' l e a d i n g  t o  a  g r e a t e r  s h i e l d i n g  o f  t h e  
^ P  n u c l e u s .
The p h e n y l  d e r i v a t i v e s  have more c o m p l ic a te d  s p e c t r a ,
p r o b a b ly  due t o  a  g r e a t e r  d e g re e  o f  c o u p l in g  b e tw een  th e
v a r i o u s  n u c l e i .  However, th e y  s t i l l  a p p e a r  t o  be f i r s t  o r d e r
31s p e c t r a  and a  good e s t i m a t e  o f  th e  c h e m ic a l  s h i f t s  o f  t h e  P
n u c l e i  c a n  be made. The s p e c tru m  o f  E F C lP (0 ) ]2KMe vras n o t
r e c o r d e d  b e c a u se  o f  an  i n s u f f i c i e n t  amount o f  s a m p le .
31As w i th  th e  p h o s p h in y la m in e s ,  t h e  P r e s o n a n c e s  a r e
s h i f t e d ' u p f i e l d  when K = Me i s  r e p l a c e d  by P = Et and Ph
f o r  p re s u m a b ly  s i m i l a r  r e a s o n s  a l t h o u g h  i n  t h i s  c a s e  th e
c h a n g e s  i n  c h e m ic a l  s h i f t  a r e  n o t  a s  l a r g e .
1QF S p e c t r a . D e t a i l s  o f  th e  s p e c t r a  a r e  g iv e n  i n  T ab le  1 . 8 .  
T h ree  t y p e s  o f  s p e c t r a  a r e  o b s e r v e d .  Those o f  t h e  mono- and 
gem .■d i f lu c r o p h o s p h i n y la m in e s  a r e  s im p le  f i r s t  o r d e r  s p e c t r a .
The mono- s u b s t i t u t e d  compounds, FC1P(0)ITRP(0)C12 * ea c h  have 
a  d o u b le t  c e n t r e d  a t  v~30ppm from CCi^F. T h i s  i s  i n  t h e  r e g i o n  
e x p e c te d  f o r  a  P(0)FC1 g ro u p ,  i n t e r m e d i a t e  b e tw ee n  P (0 )F 2 C1 a t  
5 = -hSppni and P(0)FC12 a t  6 a - 8ppnu The c h e m ic a l  s h i f t  o f  
t h i s  g ro u p  i s  a f f e c t e d  o n ly  s l i g h t l y  by th e  s u b s t i t u e n t  on th e  
n i t r o g e n  a tom , w h e reas  th e  c o u p l in g  c o n s t a n t  J (P F )  i s  a f f e c t e d  
r a t h e r  m ore , t h e r e  b e in g  a  s m a l l  i n c r e a s e  on g o in g  from R =  Me 
t o  R = E t  and P h .
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1Q"F I's.M.R. S p e c t r a  o f  D rp h o sp h rn y lam in e s
6 6 PCIF PFp 1J(PFC l)H z 1j ^ 2 }
C l2 P(0)Ei'IeP(0)FCl 1106
C l2 P (0 )K E tP (0 )F C l - 3 0  *0 1128
C l P (0 )E P h P (0 )F C l - 31*0 1128
C l2 P(0)l'TMeP(0)F2 - 6 8 .9 1039
C l2 P (0 )E E tP (0 )F 2 - 6 6 .3 1033
Cl P(0)I\7P h P (0 )F 2 - 7 0 .1 1090
F2 P (0 )M ie P (0 )F 2 - 7 2 .3 1033
F2 P(0)-KEtP(0)F2 - ? 2 .0 1034
F2 P (0)K P hP (0)F 2 - 7 6 .0 1072
FClP(0)NM eP(0)ClF - 3 0 . 8 , - 3 1 . 9 1136
W ith  th e  gem d i f l u o r o p h o s p h i n y l a m i n e s , F2 P(0)URP(0)C12 , th e
d o u b le t  due t o  P-F c o u p l in g  o c c u r s  in .  t h e  r e g i o n  e x p e c te d  f o r
a  - P ( 0 ) F 2 -g rou p ,M -7 0 p p m  from CCl^F. T here  i s  a  l a r g e  i n c r e a s e
i n  ’j ( P F )  on g o in g  from R = Me, E t t o  E = P h . T h is  i n c r e a s e
i n  c o u p l in g  c o n s t a n t  i s  o b s e rv e d  i n  th e  s p e c t r a  o f  a l l  t h e
d ip h o s p h in y la m in e s  and i s  p a r a l l e l l e d  by an  i n c r e a s e  i n  J(FhTP ) .
T h is  c o n t r a s t s  w i th  th e  P ( I I I )  a n a lo g u e s  (F2 P )2 HR where t h e  
1 2m a g n i tu d e s  o f  «J(PF) and J(PNP) d e c r e a s e  on g o in g  from R = Me 
and E t  t o  R = Ph^CA-ll. T h is  i n c r e a s e  i n  J(PKP) i s  d i f f i c u l t  
t o  e x u l a i n  s a t i s f a c t o r i l y .  A p o s s i b l e  e x p l a n a t i o n  i s  t h a t   ^
t h e r e  i s  a  g r e a t e r  d e g re e  o f  Tf—b o n d in g  b e tw ee n  th e  n i t r o g e n
30
atom and th e  p h e n y l  g roup  th a n  between, th e  n i t r o g e n  and th e  
a l k y l  g roups*  T h is  seems u j i l i l i e l y ,  hen e v e r , i n  view  o f  th e
c r y s t a l  s t r u c t u r e  c a r r i e d  o u t  on a  r e l a t e d  compound. C lp P ( 0 ) KPhP(3 ) CX0 
l k 2 l  w h ich  shows l i t t l e  K -pheny l - b o n d in g ,  b e c a u se  t h e  p h e n y l  
g ro u p  i s  a t  * 90°  t o  th e  P-N-P p la n e *
The s p e c tru m  o f  b i s ( c k lo ro f l i io ro p h o s p h in y l )m e th y la m i :a e -*
[F C 1 P (0 ) la b i le ,  was a n a ly s e d  by th e  s u b - s p e c t r a l  method a s  an 
e x a m p le -o f  an  AA*XX* sys tem  ( n e g l e c t i n g  c o u p l in g  to  t h e  a l k y l  
p r o t o n s )  [43 ]«  T h is  method o f  a n a l y s i s  a ssum es  t h a t  th e  sy s tem  
s t u d i e d  c o n s i s t s  o f  a  number o f  s im p le  sy s te m s  w hich  c o n t r i b u t e  
i n d e p e n d e n t l y  t o  th e  o v e r a l l  s p e c t ru m .  The p ro c e d u re  i s  
d e s c r i b e d  i n  d e t a i l  i n  r e f e r e n c e ’ 10* The s p e c t ru m  o f  [FC1P(0)J^bme 
c o n s i s t s  o f  a  d o u b le t  o f  s e p a r a t i o n  jJ(PF)-rJ(PN PF)| f l a n k e d  by 
l e s s  i n t e n s e  l i n e s  ( s e e  F ig u re  1*3)»
FIGURE 1 .3
J(PKP)
U
The p o s i t i o n s  o f  t h e s e  l i n e s  g iv e  J(F1TP) and  i n d i c a t e  t h a t  
i  3J (P F )  and <J(PNPF) a r e  o f  d i f f e r e n t  r e l a t i v e  s i g n  a s  i n  th e  
a n a lo g o u s  P ( I I I )  compounds, (F^P^ITF C^13. The p r e s e n c e  o f  
two i s o m e rs  i s  d e t e c t e d  by th e  o c c u r re n c e  o f  two s e t s  o f  
d o u b l e t s  w i th  th e  same f i n e  s t r u c t u r e ,  one s e t  o f  w hich  o c c u r s  
a t  a  s l i g h t l y  h ig h e r  f i e l d  th a n  th e  o t h e r .  Two s i g n i f i c a n t l y
d i f f e r e n t  v a l u e s  o f  "J(rl 'TP)are o b ta in e d  f o r  th e  raeeo and d l  f e r n s
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The t  e t r a f I k c r o p h o s r h  i n y l a m i n e s , LF~?(0)j^ITR.have second  
19o r d e r  ' F n . m . r .  s p e c t r a .  They can  be a n a ly s e d  a s  exam ples
o f  an  AXpAOh,? sy s te m  a s  h as  been  c a r r i e d  o u t  f o r  [F 2 ? ( 0 ) ] 2KIfe
LhZf].  The s p e c t r a  a r e  s i m i l a r  i n  a p p e a ra n c e  to  t h a t  o f  CFClP(0 )]„KI:e
c o n s i s t i n g  o f  an  i n t e n s e  d o u b le t  f l a n k e d  by w eaker l i n e s .
B ro a d e n in g  e f f e c t s ,  i n c l u d i n g  th o s e  c a u s e d  by c o u p l in g  o f  t h e  
19F n u c l e i  t o  th e  p r o to n s  p r e s e n t ,  make i t  d i f f i c u l t  t o  o b t a i n  
v a l u e s  f o r  ^J(PlfPF) and ^J(FPHPF) a l th o u g h  t h e s e  were o b s e rv e d  
i n  t h e  sp e c tru m  o f  CF^F’C O ) T h e  c o u p l in g  c o n s t a n t  J(FHP) 
i n  [F 2 P(0)3  ^ KHe d e c r e a s e d  s l i g h t l y  w i th  d e c r e a s i n g  te m p e r a tu r e  
.(a/IOEs from  *k.O°C t o  -50°C ) I k t f  • The s p e c tru m  o f  [F2 P (0 )3 2NEt
r Owas r e c o r d e d  a t  v a r i o u s  t e m p e r a t u r e s  down t o  ~o0 C t o  s e e  i f  
a  s i m i l a r  change o c c u r r e d ,  b u t  th e  sp e c tru m  re m a in e d  u n c h a n g e d .
A p o s s i b l e  way o f  com paring  th e  e f f e c t i v e n e s s  o f  th e  
n i t r o g e n  b r id g e  i n  t r a n s m i t t i n g  e l e c t r o n i c  e f f e c t s  com pared 
w i t h  oxygen o r  s u lp h u r  i s  t o  lo o k  a t  th e  s i z e  o f  t h e  c o u p l in g  
c o n s t a n t  J ( P X P ) . ’ T h is  c o u p l in g  c o n s t a n t  h a s  b een  shown to  
be s e n s i t i v e  t o  d e t a i l s  o f  m o le c u la r  s t r u c t u r e  and  th e  
e l e c t r o n e g a t i v i t y  o f  s u b s t i t u e n t s  l k 5 ~\» b u t  th e  f a c t o r s  
d e t e r m in i n g  i t s  m ag iii tude  a r e  n o t  c o m p le te ly  u n d e r s to o d .
Few f l u o r i n e  d e r i v a t i v e s  c o n t a i n i n g  P -O -P  l i n k a g e s  have 
b een  s y n t h e s i s e d  and n . m . r .  d a t a  a r e  n o t  a v a i l a b l e  f o r  a l l  o f  
t h e s e .  T a b le  1 .9  l i s t s  th e  a v a i l a b l e  d a t a .
2
A s tu d y  h a s  b e e n  made o f  th e  c o u p l in g  c o n s t a n t  J(POP) i n  
n o n - f l u o r i n e  c o n t a i n i n g  m o le c u le s  1^93• The m agn itude  o f  t h e  
c o u p l in g  c o n s t a n t  he.s been  found  t o  l i e  be tw een  12 and 22  Hz. 
S u b s t i t u t i o n  by f l u o r i n e  i n t o  a  m o le c u le  h a s  b een  o b s e rv e d  t o  
lo w e r  t h e  m agn itude  o f  2 J (P 0 P )  s u b s t a n t i a l l y .  I n  [E P (0 )2 0 ? ( 0 ) 2 H j27 
J(FGF) = 17Hs Ch03t w h i le  i n  CFF(0)2 C P(0)2 F] 2 i t  i s  2 . 3Hz.
F2 P (0 )0 P (0 )F 2
FC 1P(0)0P(0)C1F
C FP(0)2 0 P (0 )2 F]
F2 P (S )0 P (S )F 2
2-
0
2 1 . 0
2 .5
C if 6 D 
E*f7] 
C k 8 J
L kk. ]
TABLE 1 .1 0
J(PSP)H z
f 2 p ( s ) s f ( s ) f 2  . 2 5 .1
PFP(S)SP(S)FR  13-18
(P = M e,Et and Ph)
From th e  i n f o r m a t io n  a v a i l a b l e  i t  seems l i k e l y  t h a t  th e
2m a g n itu d e  o f  J(PGP) any m o lecu le  c o n t a i n i n g  f l u o r i n e  w i l l  
be s m a l l ,  a l t h o u g h  p e rh a p s  s u b s t i t u e n t s  s u c h  a s  -NMe2  on 
p h o s p h o ru s  m igh t r a i s e  i t  somewhat.
T h e re  a r e  even  few er  exam ples a v a i l a b l e  o f  a c y c l i c  
f l u o r i n e  compounds c o n t a i n i n g  P -S -P  b r i d g e s .  A few a r e  l i s t e d  
i n  T a b le  1 . 1 0 .
O b v io u s ly  t h e r e  i s  n o t  enough in f o r m a t i o n  a v a i l a b l e  t o  
e f f e c t i v e l y  compare th e  P -S -P  b r id g e  w i t h  F-O-P and  P-N-P i n  
t r a n s m i t t i n g  e l e c t r o n i c  e f f e c t s .  However, by com p arin g  t h e  
m ag n itu d e  o f  ^J(POP) w i th  th o s e  o f  ^J(PN P) i n  T a b le  1 . 7 ,  
w here  t h e r e  i s  a  ra n g e  o f  21-54H z, i t  i s  a p p a r e n t  t h a t  n i t r o g e n  
i s  a  much more e f f e c t i v e  b r id g e  th a n  oxygen i n  t r a n s m i t t i n g -
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TABLE 1*11
Summary o f  I n f r a r e d  S p e c t r a  o f  P ip lio lp h in y  h a n i n e s
*(P=0 ) v> (PEP) a s
(h> v (F C l)  cuu^
C l2P(0)K M eP(0)C l 1 3 1 0 ,1 2 9 0 912 600
C l2 P (0 )H E tF (0 )C l2 1 3 1 2 , 1 2 9 0 ,1 2 8 0 926
C l P (0 )N P h P (0 )C l2 1290
FClP(0)N PhP(0).C l2 1323 ,1298 933 900 598
F C lP (0 )N E tP (0 }C l? 1325 ,1298 958 895 598
F C lP (0 )N P h P (0 )C l2 1310,1295 960 ? 5 6 2 ?
F P(0)K M eP(0)C l2 1 3 5 3 , 1 2 9 8 . 9bS 905 601
F0P ( 0 ) NEtP( 0 ) C l0 2 2 13A*7»1293 932 9 12 ,895 603
F? P (0 ) lIP h P (0 )C l2 1327,1295 950 ? 598
F2 P ( 0 ) m e P ( 0 )F 2 1387 ,1368 9b5 93 8 ,8 7 7
F P(0).IQEtP(0)F2 1373 b r 960 90 5 ,8 9 8
Fr,P (0)K PhP(0)Fo 2  2 1350 9b0
9 1 5 ,8 2 0
. sp in  c o u p l i n g  e f f e c t s *
2 )  I n f r a r e d  S p e c t r a  o f  D ip h o sp h in y l .amines • The co m p le te
s p e c t r a  a r e  g iv e n i n  th e  E x p e r im e n ta l . s e c t i o n * B e a r in g  i n
mind t h a t  t h e  f r e q u e n c i e s  o f  C-N and P-F  s t r e t c h i n g  v i b r a t i o n s  
o c c u r  i n  th e  same r e g i o n  o f  th e  s p e c tru m  a s  th o s e  o f  P-N, i t  
i s  p o s s i b l e ,  by  com p arin g  a  s e r i e s  o f  a n a lo g o u s  compounds, t o  
e x t r a c t  t e n t a t i v e  v a l u e s  f o r  th e  a sym m etr ic  s t r e t c h i n g  mode o f  
t h e  P-K-P u n i t *  A summary o f  t h e s e ,  t o g e t h e r  w i th  a s s ig n m e n ts  
made f o r  th e  P -F ,  P -C l  and P -0  s t r e t c h i n g  v i b r a t i o n s  a r e  g iv e n
i n  T a b le  1 .11  „ • S in ce  th e  v a l u e s  ass igned ,  t o  v (FKP) f a l l  i nC 3
th e  same r e g i o n  o f  th e  sp ec tru m  a s  P«-F s t r e t c h i n g  f r e q u e n c i e s ,  
i t  i s  d i f f i c u l t  t o  a t t a c h  much s i g n i f i c a n c e  t o  any  o b s e rv e d  
v a r i a t i o n  i n  f r e q u e n c y .  The v a l u e s  o f  v(PCl) a r e  r e l a t i v e l y  
e a s y  t o  a s s i g n  i n  m ost o f  th e  compounds,- They have a  v e ry  
s h o r t  f r e q u e n c y  r a n g e .  V ary in g  th e  o t h e r  s u b s t i t u e n t s  on th e  
p h o s p h o ru s  atom a p p e a r s  t o  have l i t t l e  e f f e c t  on th e  P -C l  b e n d .
Two p eak s  a r e  a s s ig n e d  i n  most s p e c t r a  t o  v(P=6 ) a l t h o u g h  
some s p l i t t i n g  o f  th e  p eak s  i s  o b s e rv e d .  The s p l i t t i n g  may 
be due t o  c o u p l in g  be tw een  th e  two P=0 s t r e t c h i n g  v i b r a t i o n s  
s u ch  a s  i s  found i n  d ic a r b o n y l  compounds « The lo w e r  p eak
a t  CHo can  be r e l a t e d  t o  th e  c h l o r o -  p a r t  o f  th e
m o le c u le  i n  c h l o r o f l u o r o ~  d e r i v a t i v e s  s in c e  i t  i s  a t  a  co m p arab le  
f r e q u e n c y  t o  v(P=0) i n  [Cl^PCO^^NMe and i s  a b s e n t  i n  CF^PCO ).^! '!^ , 
L ike  v (P C l)  i t  i s  u n a f f e c t e d  by o t h e r  s u b s t i t u e n t s  on th e  
m o le c u le  w hereas  v(P=0) r e l a t e d  t o  th e  - f l u o r o -  p a r t  o f  t h e  
m o le c u le  v a r i e s  q u i t e  s i g n i f i c a n t l y  a s  th e  s u b s t i t u e n t s  a ro u n d  
i t  v a r y ,
3 )  Mass S p e c t r a  o f  D ip h o s p h in y la m in e s . Mass s p e c t r o s c o p y  
p ro v e d  t o  be a  u s e f u l  t o o l  i n  th e  i d e n t i f i c a t i o n  o f  th e  
p h o s p h in y la m in e s .  I t  was n e c e s s a r y  to  u se  t h i s  t e c h n iq u e  
b e c a u se  o f  th e  d i f f i c u l t y  o f  o b t a i n i n g  a r e a s o n a b l e  q u a n t i t y  
o f  p u re  m a t e r i a l  s u i t a b l e  f o r  e l e m e n t a l  a n a l y s e s .  Any 
i m p u r i t i e s  i n  th e  sam p les  a p p e a re d  t o  c a t a l y s e  t h e i r  p o l y m e r i s a t i o n  
and  t h e i r  mass s p e c t r a  c o n ta in e d  p eak s  w i th  m /e  v a l u e s  up t o  
* 5 0 0 .  To overcome t h i s  th e  sam p les  were r e d i s t i l l e d  im m e d ia te ly  
b e f o r e  t h e i r  s p e c t r a  were r e c o r d e d  and th e  p ro b e  t e m p e r a t u r e  
was k e p t  a s  lew  a s  p o s s i b l e ,  u s u a l l y  *100°C, i n  c a s e  p o l y m e r i s a t i o n  
o f  t h e  compounds was t a i l i n g  p la c e  i n  th e  s p e c t r o m e t e r .
In  th e  mass . sp e c tra  public-hed f o r  o
m c 1 e c u 1 a r  i  c- n ,
t h e  s p e c t r a  e x h i b i t e d  s t r a i g h t ! o r w a r d  c r a d l i n g  pa 
e i t h e r  th e  m o le c u la r  io n  o r  F„P+ th e  most abundan t  i o n s  i n
i t e m s  ‘with
o b s e rv e a .a
t h e  s p e c t r a .
A s i m i l a r  p a t t e r n  o f  b e h a v io u r  i s  found h e r e .  A m o le c u la r  
i o n  i s  o b s e rv e d  f o r  e v e ry  compound e x c e p t  LFpP ( 0 ) l^NEt where
c o m p le te  s p e c t r a  a r e  g iv e n  i n  th e  E x p e r im e n ta l  s e c t i o n ,  
t o g e t h e r  w i th  th e  a s s ig n m e n ts  made f o r  th e  o b s e rv e d  p e a k s .
T h ree  breakdown p a t t e r n s  emerge*- a  d i s t i n c t  one f o r  e a c h  
o f  t h e  m e th y l ,  e t h y l  and p h en y l s e r i e s  o f  com pounds. A g a in ,  
no m e t a s t a b l e  t r a n s i t i o n s  a r e  o b s e r v e d .  The p a t t e r n s  s u g g e s t e d ,  
t h e r e f o r e 5a r e  b a se d  o n ly 'o n  th e  n a t u r e  o f  th e  i o n s  o b s e r v e d .
The f i r s t  s t a g e  i n  th e  f r a g m e n ta t io n  o f  th e  d i p h o s p h i n y l -  
m e th y la m in e s  i 2iv o lv e s  e i t h e r  th e  l o s s  o f  a  p r o to n  o r  th e  c l e a v a g e  
o f  a  p h o sp h o ru s  h a lo g e n  bond. I n  compounds c o n t a i n i n g  b o th  
c h l o r i n e  and f l u o r i n e  i t  i s  a lw ays  a  P -C l bond v/hich i s  b ro k e n  
f i r s t ;  a  f a c t  c o n s i s t e n t  w i th  th e  w eaker bond s t r e n g t h  o f  P -C l  
a s  com pared with. P -F .  T h is  i s  fo l lo w e d  by th e  c l e a v a g e  o f  a  
P-N bond and th e  s u b se q u en t  breakdown o f  t h e  i n d i v i d u a l  
f r a g m e n t s .  The peak c o r r e s p o n d in g  t o  th e  i c n  X^PCOHH* i s  
a lm o s t  a lw ays  th e  most abundan t io n  in  th e  s p e c t r a ,  s u g g e s t i n g  
t h a t  i t  i s  a  r e l a t i v e l y  s t a b l e  i o n .
W ith  th e  e t h y l  d e r i v a t i v e s  th e  f i r s t  s t e p  i n  th e  
d e c o m p o s i t io n  i s  a lw ays  th e  l o s s  o f  a  m e th y l  g ro u p .  T h i s  i s  
a  common p r o c e s s  i n  o rg a n ic  m o le c u le s  C/fOj and  n o t  u n e x p e c te d  
i n  t h i s  c a s e . -  The n e x t  peaks  o f  h i g h e s t  m/e v a l u e s  c o r r e s p o n d  
t o  i o n s  o f  th e  g e n e r a l  fo rm u la  o f  r e l a t i v e
th e  i o n  o f  h i g h e s t  m/e c o r r e s p o n d s  t o  [F^PCO)] KCE^. The
— S'~ p0 -
ab u n d an c e  where X may be C l,  F o r  a  m ix tu re  o f  both* The 
d e c o m p o s i t io n  o f  th e s e  io n s  a p p e a r s  t o  in v o lv e  the- e l i m i n a t i o n  
o f  HC1 when a c h l o r i n e  atom i s  p r e s e n t ,  fo l lo w e d  by t h e  c l e a v a g e  
o f  a  P-IT bond and th e  su b se q u e n t  d e c o m p o s i t io n  o f  t h e  P—IT 
f r a g m e n ts *  These two l a t t e r  s t e p s  a p p e a r  t o  be t h e  mode o f  
d e c o m p o s i t io n  o f  [F ^ P C O )]^ !^  a l s o .
I n  th e  c a s e  o f  th e  p h en y l  d e r i v a t i v e s  th e  s p e c t r a  a r e  
r e l a t i v e l y  s im p le .  W ith th e  e x c e p t io n  o f  [F2 P ( 0 ) ] 2 NPh, t h e  
c r a c k i n g  p a t t e r n  a p p e a rs  t o  be c le a v a g e  o f  a  P -C l bond f o l lo w e d  
by  t h e  b r e a k in g  o f  a  P-W bond . [F2 P ( 0 ) ] 2 NPh h a s  a  v e r y  s im p le  
s p e c t r u m .  The o n ly  io n s  c o n t a in in g  P >10% r e l a t i v e  i n t e n s i t y  c o r r e s p o n d  
t o  [F 2 P (0 ) ]  KPht 10%, and [F 2 P ( 0 ) ] 2KH2 , 100%,and F2 P ( 0 ) ?  80%.
D i s c u s s i o n  o f  R e a c t io n s * The s y n th e s e s  o f  th e  d ip h o s p h i n y l -  
a m in e s  in v o l v e s  th e  c le a v a g e  o f  a  p h o sp h o ru s  h a lo g e n  bond i n  
a  p h o s p h o ry l  h a l i d e ,  P (0 )F  01^ • When t h e  p h o s p h o ry l  h a l i d e
c o n t a i n s  b o th  c h l o r i n e  and f l u o r i n e  atom s th e  c h l o r i n e  atom  i s  
e x c l u s i v e l y  d i s p l a c e d ,  c o n s i s t e n t  w i th  t h e  b e t t e r  l e a v i n g  
p r o p e r t i e s  o f  th e  c h l o r i d e  io n  r e l a t i v e  t o  th e  f l u o r i d e  i o n ,  
and  t h e  w eaker bond s t r e n g t h  o f  P -C l a s  com pared w i th  P -F .
S i m i l a r  o b s e r v a t i o n s  have been  made d u r in g  th e  s y n t h e s e s  o f  
o t h e r  phosphorus(V ) d e r i v a t i v e s  C393•
A tte m p ts  made t o  p a r t i a l l y  f l u o r i n a t e  th e  t e t r a c h l o r o -  
p h o s p h in y la m in e s ,  [C12P ( 0 ) j 2 1TR, w i th  a  v iew  t o  o b t a i n i n g  mono-, 
d i - ,  f c r i -  and t e t r a f l u o r o -  s u b s t i t u t e d  d r e i v a t i v e s ,  w ere n o t  
w h o l ly  s u c c e s s f u l .  Caesium f l u o r i d e ,  CsF, sodium f l u o r i d e ,  NaF, 
and  an t im o n y  t r i f l u o r i d e ,  S b F ^ w e re  a l l  t r i e d  a s  f l u o r i n a t i n g  
a g e n t s .  Only vzith SbF^ ( w i th  a few d ro p s  o f  SbCl_, added  a s  a  
c a t a l y s t )  were any f l u o r i n a t e d  p r o d u c t s •o b t a i n e d .  T hese  w ere
-  37 -
l a r g e l y  th e  f u l l y  f l u o r i n a t e d  d e r i v a t i v e s  fP . F ( 0 )1  kR v:h-’ch
2 '  2
w ere  form ed a lo n g  w i th  o th e r  P -F  s p e c i e s  w h ich  c o u ld  n o t  be 
f u l l y  i d e n t i f i e d ,
i.iiio ciiLjixiculty i n  xluopin>3. t i o n  i s  s u r p r i s i n g  s i n e s  th e  
r a o n c p h o s p h m y la n in e s  a re  r e a d i l y  f l u o r i n a t e d  and  s in c e  Sower by 
h a s  s a i d  t h a t  th e  r e a c t i o n  o f  CCl2 ? ( 0 ) 32EMe w i th  SbF^, a t  room 
t e m p e r a t u r e ,  g iv e s  f l u o r o -  d e r i v a t i v e s  [ 5 2 ] ,  The d i f f i c u l t y  
o f  f l u o r i n a t i o n , ■how ever, h a s  been  o b se rv e d  p r e v i o u s l y  w i th  
o t h e r  d ip h o s p h o ru s  compounds. A ttem p ts  t o  f l u o r i n a t e  
C12 P (0 )0 F (0 )C 1 2 w i th  KSO^F gave orPgy p r o d u c t s  i n v o l v i n g  P-O-P 
bend  c l e a v a g e  C533 * and f l u o r i n a t i o n  o f  C l^PKlIeP(0)Cln w i th/ri it
I'laF i n  s u lp h o la n e  p roduced  a low y i e l d  o f  F^FbMePC0)P2 b u t
l a r g e  q u a n t i t i e s  o f  P.F„ [ 3 8 ] ,  F l u o r i n a t i o n  o f  (G l^ P ) l IS ie ,3 d c.
h o w e v e r ,  to o k  p la c e  r e a d i l y  w i th  good y i e l d s  o f  .(F2 P )2EKe
b e i n g  o b ta in e d  [ 2 0 ] ,  I t  i s  t h e r e f o r e  th e  P(V) atom w hich
i s  d i f f i c u l t  t o  f l u o r i n a t e .  T h is  may be due t o  th e  i n c r e a s e d
c o o r d i n a t i o n  number o f  th e  phosphorus  m aking th e  f o r m a t io n  o f
a n  addu.ct be tw een  i t  and th e  f l u o r i u a t i n g  a g e n t  more d i f f i c u l t .
I n  a d d i t i o n  i t  h a s  been s u g g e s te d  t h a t  th e  f l u o r i n a t i o n  o f
P FT Cl, <PMe.-,K by SbF, in v o lv e s  th e  c o o r d i n a t i o n  o f  th e  f l u o r i n e  3 3  4  2 2 ** 3
t o  t h e  p h c s p h o n i t r i l e  by i t  a c c e p t i n g  an e l e c t r o n  p a i r  from
a  r i n g  n i t r o g e n  C3^3 • compounds c o n t a i n i n g  a 012 P ( 0 )N—
l i n k a g e  i t  i s  p o s s i b l e  t h a t  SbF^ c o u ld  c o o r d in a t e  t o  th e
o xygen  atom a s  w e l l  a s  t o  th e  n i t r o g e n  making c h l o r i n e —
f l u o r i n e  exchange more d i f f i c u l t .  I t  was n o t  p o s s i b l e  t o
com pare  th e  p r o d u c t s  o f  f l u o r i n a t i o n  o f  CC12 ? ( 0 ) 32^^  w i th
t h o s e  o f  F P Cl/- b ecause  o f  t h i s  d i f f i c u l t y  o f  f l u o r i n a t i n g  
3 3 6
[ c i 2 p ( o ) 3 2k b .
-  3 o  -
EXPERIMENTAL
R e a g e n ts  u sed  were o b ta in e d  from th e  s o u r c e s  i n d i c a t e d  in .
xab3.e 1 ,1 2  and t h e i r  j m r i t y  was checked  b e f o r e  use  by EP a n d / o r
i n f r a r e d  s p e c t ro s c o p y *  S o lv e n t s  were d r i e d  by c o n v e n t i o n a l  means
P(0)C 1 was p u r i f i e d  by d i s t i l l a t i o n *  Et-,11 w as’ d i s t i l l e d
from  sodium  b e f o r e  use* A l l  o p e r a t i o n s  were c a r r i e d  o u t  u n d e r
d ry  n i t r o g e n  o r  on c o n n e c t io n s  to  a  c o n v e n t io n a l  vacuum l i n e *
1 19 31H, F and P n . m . r .  s p e c t r a  were m easured  on a J e o l  C60 EL
s p e c t r o m e t e r  o p e r a t i n g  a t  60 , 3&»k swri 2 k . 3 MHz r e s p e c t i v e l y .
The s p e c t r a  'were r e c o r d e d  w i th o u t  u s in g  a s o l v e n t  where p o s s i b l e .
CHCX-,, CDCl^ and C^Eg were used  a s  s o l v e n t s  when n e c e s s a r y .  M e^Si,
CC1_F and  83% H„PO, were used  a s  e x t e r n a l  r e f e r e n c e s .  Mass 2 A k
s p e c t r a  w ere r e c o r d e d  on an  A .E . I .  MS 12 s p e c t ro m e te r '  o p e r a t i n g  
a t  70 Mev* I n f r a r e d  s p e c t r a  were o b ta in e d  a s  e i t h e r  g a s ,  l i q u i d  
o r  m u l l  s p e c t r a . ,  a s  a p p r o p r i a t e ,  on a  P e rk in -E lm e r  k37  s p e c t r o m e t e r .  
E l e m e n ta l  a n a l y s e s  were perfo rm ed  by B e rn h a rd t  o r  th e  a n a l y t i c a l  
l a b o r a t o r i e s  i f  t h i s  u n i v e r s i t y .
P h o s p h ln y la m in e s . F u l l  e x p e r im e n ta l  d e t a i l s  and a n a l y t i c a l  d a t a
f o r  new compounds a r e  g iv e n  i n  T a b le s  1 .1 3  and 1 .1k*
P r e p a r a t i o n  o f  C h lo ro p h o s p h in y la a in e s . In  a  t y p i c a l  r e a c t i o n
50 g  o f  amine h y d r o c h lo r i d e ,  PNE^HCl (R = Me, E t  and P h ) , were
r e  f l u x e d  w i th  a  3 ^  mole e x c e s s  o f  P (0)C1^ u n t i l  a l l  t h e  s a l t
had  d i s s o l v e d  (ab o u t two d a y s ) .  D ic h lo ro p h o s p h in y lm e th y la m in e ,
C l P(0)NHMe and d ic h lo r o p h o s p h in y le t h y la m in e , C loP(0)NHEt v;ere 2 c-
c o l l e c t e d  by d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s s u r e ;  d i c h l o r o -  
p h o s p h i n y l a n i l i n e , '  C l2 ?(0)HEPh v:as c r y s t a l l i s e d  from th e  r e a c t i o n  
m ix tu re  and p u r i f i e d  by r e c r y s t a l l i s a t i o n  from C^H^.
P r e p a r a t i o n  o f  F lu o ro n h o s n h in y la m in e s . T y p i c a l l y  a  s l u r r y  o f  •
TAELB 1 .1 2
. S t  g i r t i n g  m a t e r i a l Source I n f r a r e d
p ( o ) c i 3 B.D.H. [5 6 ]
Et_K K och-L igh t C573
P (0 )F C 1 2 PClr /K oF0. F [583 5 2 4 C593
P (0 )F C 1 oc. PC15/HP0^F2 [ 5 8 ] C591
(Me-Si)JNMe ■Me SiClA^eNH2 [ 6 0 j [ 6 1 ]
B.D.H. [ 6 2 ]
EtHH2 .HCl B.D.H. [ 6 5 ]
PhHH„.HGlc. B.D.H. [ 6*f]
HaF B.D.H.
CsF O sark-M ahoning
ITaF i n  C-Ii/- was s t i r r e d  f o r  a b o u t  15 m in u te s ,  cool&d t o  0 C, th e n  b o
the ehlorophosphinylamine added slowly. The mixture was allowed 
to warm up slowly then re fluxed for abGut j> hours and filtered.
Di f l u  o r  opho s p h i  ny 1m e t  hy lan d  ne , j  ^^cObhl'iC ana  d if lu o ro p H o o p h irx y l"  
e th y la m in e *  F P(0)I^HEt were c o l l e c t e d  by d i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e ;  d i f l u o r o p h o s p h r n y l a n i l i n e  , i?2 r-(O^UIiPli was 
c r y s t a l l i s e d  from s o l u t i o n  and p u r i f i e d  by r e c r y s t a l l i s a t i o n  
from  CgHg*
D lr .h o s o h in y la m in e s . The c o n d e n s a t io n  o f  p h o s p h o ry l  h a l i d e s  
w i t h  d ih a lo g e n o p h o sp h in y la m in e s  was a c c o m p lish e d  in  d i e t h y l  
e t h e r  s o l u t i o n  a t  0°C u s in g  a 1 mole e q u i v a l e n t  o f  E t^N . The 
r e a c t i o n  m ix tu re  was a l lo w ed  t o  warm to  room t e m p e r a t u r e ,  th e n  
r e f l u x e d  f o r  a b o u t 2 h o u r s ,  c o o le d  and f i l t e r e d  t o  remove th e  
E t  H.HC1 fo rm ed . The d ip h o s p h in y la m in e s  were c o l l e c t e d ,  wnere 
p o s s i b l e ,  by d i s t i l l a t i o n  under  re d u c e d  p r e s s u r e .  T u l l
~ 1*0 -
TABLE 1 . 1 3
P r e p a r a t i v e  D e t a i l s  f o r  P h o sp h in y lam in eo
R e a c t a n t s  (mmol) S o lv e n t P ro d u c t Kp/BP (mm IIg) Y ie ld  (5)
liePH- *EC1c.
(740 )
P(0)C1-,5
(2 2 2 0 )
■Cl P(0)KHMe 120° ( 0 . 0 1 ) 95 C25J
S tN H ^H C l.
( 5 0 0 )
P(0)C1_?
( 1 5 0 0 )
C l2 P(0)!JHEt 1 2 5 ° ( 0 .0 1 95
PhIJH2  *HC1 
(70)
P(0)C1_
(2 2 0 )
C l2 P(0)NEPh 92° 90
c i  p(o)EHMe 
(5 0 0 )
NaF
( 2 0 0 0 )
'MeCN F2?  (0  ) NHMe 110° ( 0 . 0 1 ) 90
C l  P(0)NHEt 
(ICO)
NaF
( 5 0 0 )
C6H6 F2P(0)UHEt 8 5 ° ( 0 „0 1 ) 95
C l P(0)KHPh 
(4 ? )
IfaF
(140)
cSH6 F2 P(0)lsTHPh
1 c °45 75
TABLE 1. 14
E le m e n ta l  A nalyses  f o r Pho s p h in v la m in e  s
Compound C a lc u la t e d Found
C%' E% Wo c% lie/Xi/u W F7>
c i  p(o)KHEt 1 4 .8 5 -7 8 .6 14 .6 5 .6 8.4-
C l P(0)HHPh 5 4 .5 2 .9 ■6.7 5 5 .6 2 .4 6 .1
F2P(0)NEEt 1 8 .6 4 .6 10 .8 29 .45 1 8 .7 4 .7 1 0 .7 2 9 .
F P(0)lfflPh 4 0 .7 5 .4 7 .9 2 1 .4 7 5 9 .8 5-25 7 .5 2 1 .
e x p e r i m e n t a l  d e t a i l s  arid some a n a l y t i c a l  data, a r e  ^ iveri i n  
T a b l e s  1 .1 5  and 1 .1 6 ;  mass and i n f r a r e d  s p e c t r a  a r e  t a b u l a t e d  
below * K ass  s p e c t r a  a r e  p r e s e n t e d  i n  th e  fo rm ; m /e ,  a s s ig n m e n t ,  
r e l a t i v e  i n t e n s i t y *  R e l a t i v e  i n t e n s i t i e s  a r e  e x p r e s s e d  as  
f r a c t i o n s  o f  t h e  most a b u n d a n t . phosphorus  c o n t a i n i n g  i o n .  Only 
t h o s e  i o n s  o f  r e l a t i v e  i n t e n s i t y  > 1/  w i th  m/e > 5 0  a r e  d e t a i l e d .  
B i s ( d i c h lo r o p h o s p h in y l ) m e th y la m in e , [C lp P (O )] nNMe. As com ple te  
i n f r a r e d  and mass s p e c t r a l  d a t a  have n o t  b een  p u b l i s h e d  f o r  
t h i s  compound th e y  a r e  d e t a i l e d  below*
I i i f r a r e d  Spectrur-i. 2 9 0 0 -2 6 0 0  v b r ,w , 14-55 1510 £ ,  1290  s ,
1200 m, 104-0 m, 912 s s 670 ra, foOO _s, 542 m, 505 w, 4-80 w cau^
h a s s  S p ec tru m ! 262 , [C12 P ( 0 ) ] 2NCH2 , 10; 228 ,  C12 ?(0)NCH F (0 )C 1+ ,
100 ; 212 , C12 PNCH^P(0)C1+ , 8 ; 199, P ^ C l * ,  10; 192, [ C I P ( O ) , 
10 ; 1 ? 8 ,  ECIP(O)j_N+ , 6 ; 14-6, C1oP(0)NChJ, 100; 131, G loP (0 )N +2 c. j  c-
1 1 7 ,  C l P (0 )  + , 40 ; 101, C12 P+ , 65; 94 , C1PKCH+, JO; 8 2 ,  C1P(0)
6 6 , C1P+, 25 ; 6 0 ,  PKCH+, 3 5 ;  47 , p ( 0 ) + , 90; 5 7 ,  C l +, 10 ; 3 6 ,  EC1+ , 
6 0 ; 3 5 ,  C l+ , 3 0 ;  31 , P+ , 8 .
55* I o n s  a r e  a s s ig n e d  u s in g  ' C l .
B ls (  d ic h lo r o p h o s p h in y l ) e th y la n i in e  , lC12F( 0 ) ] 2 NE.t •
I n f r a r e d  S p e c tru m . 29o2 s_, 2940 m, 2895 Wj 1462 m, 1420 w, 1585 _s
1558  w, 1320  w, 1312 s h ,  1290 s ,  1198 s ,  1168 m, 1115 b r , w , 1030  s
—1
952  s ,  920  s ,  773  s ,  668  s ,  605 v s ,  550  v s ,  507 w, 382  s  cm.
Mass S p ec tru n i« 2 7 7 , CC12? ( 0 ) J 2hCH2CH_ , 1 ; 2 6 2 , LCl2P ( 0 )]pITCH2 , ft-
2 5 0 , CC12 P<0)3S(Ks£, 8 ; 242 , C12 P (0 )KCH2 CH5 P ( 0 )C1 +, 1 0 ; 2 2 7 ,
C l  P ( 0 )KCH_P(0 )C1 +, 3 ; 2 1 4 , C1 - P ( 0 )KHP(0 )C1 + , 8 ; 1 5 2 , CC1 F ( 0 ) J
+ v.r) . 
5 1
2
- t  + > 8 ;  152, C C lP(0)32 i.-CK,
2 ; 1 7 8 , [ c i p ( 0 ) ] 2h+ , 4 ; 1 6 0 , ( c i P ) 2KCHp 5 5 ;  1 4 6 , c i 2 p (0 ) ; ;ch + , 3 0 ,
1 1 7 , c i , p ( o ) + , 7 0 ; 1 0 1 , C 1 .P + , 2 5 ; 8 2 , C 1 ? ( 0 ) + , 2 5 ; 6 6 , c i p + , 1 5 ;
2
4 7 , P ( 0 ) + , 1 0 0 ; 37 , c i +, 2 0 ; 3 6 , HC1+ , 8 0 ; 3 5 ,  C l+ , 6 0 ; 3 1 ,  P+ , 15
TABLE 1,15
P r e p a r a t i v e  Be t a i l s  f o r  P i rhosphisy lam irLe s
H e a c t a n t s  (mmol) P r o d u c t ( s ) HP/BP (zaa Eg) ¥ 1 ‘
C l P ( 0 ) l© le P(0)C1 [C12P (0 ) ]  Kl'ie 6 5 - 7 0 ° ( 0 . 0 1 ) 60
(200) (2 0 0 ,5 )
C l  P(0)EH Et 
(5 0 )
P(0)C1^
(5 0 . 0 5 )
[C12P (0 ) ]  I ^ t 120° ( 0 . 0 1 ) 30
C12 F(0)NHP3i
(4 5 .2 4 )
P(0)C1„
(4 5 .3 4 )
[C12 P(0)3 NPh 9 8 -9 9 ° 45
C l2P(0)M M e
(2 4 )
P (0 )F C lnc.
(24)
C l2P(0)KMeP(0)FCl 6o - 6 2 ° ( 0 . 1 ) So
C loP(0)l'vEEt
( 1 6 0 6 )
p ( o ) f c i 2
( 1 6 .3 )
C l2P (0)K E tP (0 )FC l 1o 8° ( o . o i ) 20
Cl P(0)NHPh 
(53 )
P (0 )F C lo
(53)
C l0 P ( 0 ) HPhP( 0 ) FC1C, v i s c o u s  o i l
O,..oO
Fpp( 0)I\THMe P(0)C 15 C l2 P(0)M4eP(0)F2 • n o t  p u r i f i e d
(1 7 .3 8 ) (17*45) + o th e r  p ro d u c ts
C l2 P(0)PBHe P ( 0 ) F 2C1 C l2P(0)FK eP(0)F2 5 5 °(Oo0 1 ) 10
(31*3) (3 3 . 5 )
C l P(0)NHEt P (0 )F 2C1 Cl2P (0 )N E tP (0 )F 2 6o°(o .o i) 8
(3 4 - 4 ) (3 4 .6 )
C l2 P(0)HHPh
( 2 0 .4 3 )
p (0 )F p C l
(2 0 . 5 4 )
C l2P(0)H PhP(0)F2 13
F2P(0)NEMe P (0 )F 2C1 [ F ^ P ( 0 ) ] pKMec. c. 6 5 ~ 7 0 ° (0 .0 1 ) 70
(1 3 .9 2 ) ( 1 4 . 0 5 )
F2P(0)KHEt p (0 )F 2C1 CF2P (0 )3 2MEt 6 5 ° ( 0 .0 1 ) 25
( 3 9 .5 7 ) ( 3 9 . 6 8 )
F2 P(0)NHPii P (0)F 2C1 [F2P ( 0 ) ] 2KPh - 5
Compound C a lc u la t e d Found
0% E% K% Cl%'. F% ■ C% E% Wo OV/o<J 1  /C
F C lP (0 )M 4eP (0 )C l2 5 .1  0 ,9  
F C l? (0 )N P h P (0 )C l2 2 5 .2  1 .6
Cci2P(o)32NEt 
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F a n a ly s i s
B i s ( d i c h l o r o p h o s p h i n y l )  a n i l i n e .
I n f r a r e d  S p ec tru m . A s a t i s f a c t o r y  i n f r a r e d  sp e c tru m  c o u ld  
n o t  be o b t a in e d  e i t h e r  a s  a  m ull  o r  d i s c ;  o n ly  v e ry  b ro a d  
u n r e s o l v e d  bands  a re  o b s e rv e d .
Kass Spectrurn. 325, L01P(0)]pNC^H^, 100; 2^0, C12P(0)1TC^H^P(0)C1 «
2 5 ; 2 5 4 , [C 1 P (0 ) ] 2 KC6H^, 30; 209 , C l^CO jH ECgH ^ 20 ; 191, CIgPKCgH*, 
20 ; 173 , Cl}?(0)KCgHp 35 ; 117, CI2 P (0 )  + , 95; 101, C12 P +, 30 ;
9 1 ,  c E+, 85; 82,  C1 P (0 ) +, 25; 77,  CgH+, 90 ; k7,  P ( 0 ) +, 85;
3 7 ,  C l + , 5 ; 38,  H e r ,  95; 35, C l+ , 15; 31, ?+, 5-
F l u o r o c h i o r o p h o s p h i r y l  (d ic h lo ro p h o sp h s  n y l  )mc^tnylamijxe_?_ i' C IP (0)1, .  te I (0  )C. 
I n f r a r e d  Spectrum.. 2965  w, 1460 w ,1440 v ,  1323 J®, 129<3 vjs,
1210 m, 1050 s ,  935 v s ,  900 s h ,w , 684  s ,  598 v s ,  540 w, 518  w, 
482  w, 445  m, 426  w cm.
Mass S p e c t ru m . 247, FC1P(0)ITCH3P ( 0 ) C 1 ^  10; 212 , FC1P(0)NCH3P (C )01%  
5 0 ; 1 8 3 , FCX2P2 0^ ,  5 ; 1 7 6 , F ? ( 0 )HCH2 P ( 0 )C1 + , 2 ; 162  F P (0 )KP(0 ) C p ,
o p h o sp h in y l  (d ich lo .ro r ih cs r-h in y l) e th y  l a p  f ne , FC1P( 0) IrEi ?  ( 0) Ci 
Xn -tr'cxi ed Spec t r a m . 2990 w, 2945 vw, 2900 't'w, 14o0 ’o r .w ,  1590 v/,
1325 s ,  1295 s ,  1173 m, 1035 m, 985 s ,  892 ra, ?80  w, 675  m,
5 9 8  v s ,  515  w, 432 w, 412 w cn u 1
H ass  S p e c tru m . 261 , FClP(0)NCHpCE-.P(0)Cl*, 10; 246 , FC1P(0)KCE P(0)CX 
1 0 0 ; 2 3 1 , F C lP (0 )Iffi2 P (0 )C l+ , 1 0 ; 198 , F P (0 )EHP(0 )C1 2 , 5 5 ; 1 6 0 ,
C l  P(0)ifCH CH-t, 6O5 146, C l,P(0)M CEi, 8 0 ; 1 1 7 , C1„P(0) V  8 5 ;
1 0 1 , FC1P ( 0 ) + , 2 5 ; 6 6 , C lP+, - 1 2 ; 4-7 , P ( 0 ) +, 3 0 ; 3 7 ,  C l+ , 2 ;
3 6 ,  HC1+ , 90; 3 5 ,  C l+, 6 .
F lu o r o c h l o r o p h o s p M n y l ( d i c h lo r o p J io s p h in y l )a n i l i n e  , FC1P( 0)l-7PhP(0)01 „ 
I n f r a r e d  S p e c tru m . 3100 w, 2970 w, 2800 vwt 1603 m, 1495 m,
1410  li , 1310  s h fm, 1295 m, 1260 m, 1220  w, 1100  b r , w , 1030  w,
960 w, 810  m, 750 m, 690  m, 615  w, 560  m, 5 4 5 . r a  cn 7 1
H ass  S p e c tru m . ’ 309, FC1P( 0 ) NCgH^P( 0 ) C l* , 30 ; 274,. FC 1P( 0 ) P ( 0 ) C l v
5 ; 2 0 8 , C12 P ( 0 )NC6H^, 2 ; 1 9 2 , FClFCONCgH* , 8 ; 1 7 3 , CIPCOKC^K* '
90 ; 117, C12 P ( 0 ) + , 100; 101, C12P+ , 8 0 ; 9 1 , C?H+, 80; 82 , C 1 P (0 )+ ,
2 0 ; 7 7 ,  CgH*, 1 5 ; 6 5 , C h | ,  3 0 ; 47 , P ( 0 ) + , 9 0 ; 37 , C l+ , 2 ; 3 6 ,
HC1+ , 80; 3 5 ,  C l+ , 6 ; 3 1 , P+ , 10.
P i f lu o r o p h o s p h in y lC  d ic h lo r o p h o s rh f  ny l)rncthy larn ine  , F^ PCO)2MeP(C )CI .
I n f r a r e d  S p ec tru m . 2980 w, 2275 w, 1353 s ,  1298 s ,  1220 w, 1070 n ,
£» 905  'b r , r a , 820  w, 733 ra,. 680 w, 670  w, 650  w, 602  m, 558  w,
-1542 w, 478 ra cm.
Mass S p e c t r u s . 231 , ^PC O H C H jPC O X oJ, 5 ; 196, P2 P(0)HCB5 P(0 )C 1 + , 80; 
117 , C1 , P ( 0 ) + , 100; 114, F? P (0 )KCH*, 85; 85 , F2 P (0 )  + , 2 2 ; 6 5 , F ,P '' ,2 c. j  _ —
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CO: 6 6 , C 1 P V 1 6 ;  47 , P ( 0 ) + , 1 0 ; 5 7 , C l4 , 2 ; 3 6 , ; : c i+ , C5 ; 5 6 , Cl
I n f r a r e d  S p e c t r u m ,  > 0 0 0  w 5 2978  y w , 2 2 ? 0  w ,  1475 w ,  1.573 £ ,  1347 
1 2 9 8  s ,  1 1 8 0  r a ,  1095 w ,  1 0 6 0  m ,  975 £ ,  9 5 2  s ,  915 s ,  8 9 4  w ,  78 .5  m 
755  £ ,  6 7 0  w ,  6 6 5  w ,  6.55 Wj 6 0 3  6 ,  5 6 2  m ,  5 4 2  m ,  . 5 10  475 ra ,
450  w ,  420  w ,  3 8 0  w c m 7 ^
H a s s  S p e c t r u m .  2 4 5 , F 2 ? (0)X CE ^C E  P (0 )Cl*, 1; 2 3 0 , F 2 P ( 0 )NCH2 P ( C )  
8 0 ; 2 1 8 , F ? P ( 0 )N H 2 F ( 0 ) C 1* ,  4 0 ; 1c 2 , F 2 P ( C ) N E P ( 0 ) C 1 * , 3 0 ; "14 6 ,  
C 1 2 P ( 0 ) I T C H * ,  1 5 ; 1 2 8 ,  F 2 P ( 0 ) N C E 2 C E * , .  1 0 0 ;  1 1 7 ,  C 1 2 P ( 0 ) * ,  4 5 ;  8 5 ,
F2 P ( o ) T, 2 5 ; 6 9 , F2 P \  75; 6 6 , c i P  , 5; 47 , P ( 0 )  , 35 ; 57 , c i +, 3 
3 6 , HC1 * , 75; 3 5 ,  C l* ,  9 .
D i f lu o r o p h o s p h i n y l ( d i c h l o r o p h o s p h i n y l ) a n i l i n e , F->P(0)NPhP(Q)G lo .
I n f r a r e d  S p e c tru m . 3075 w, 2900 w, 2890 w, 1605 w, 1600 m, 1503
1490  m, 1460  w, 1415 £ ,  1350 m, 1330  s ,  1226  m, 1188  ra, 1115 vr,
1 0 5 0 -1 0 3 0  b r , s , 950 b r  ,m, 835 ra, 820 ra, 753 m, 692  s_, 620  m,
- 1598 V S ,  532 s cm.
Mas & S p e c t ru m . 293 , F2 P (0 )NCgH3 ? ( 0 )Clp , 95 ; 2 5 8 , FpP( 0 ) ( 0 )
10; 2 4 1 ,  FP(0)NCgH.-P(0)Cl*, 12; 20o, ClpPC0)NCgH*, 35 ; 177,
I \ P ( 0 ) r d 0 n :f* 40; 157, FP(0)NC/-H*, 90; 117, C lpP ( 0 ) * s 100;
c. o 5 0 P
9 1 , C?H*, 75; 8 5 , F2 P ( 0 )* ,  2 5 ; 77, CgH*, 20 ; 6 9 , F? P*, 6 0 ;
6 5 , C y i* ,  12; 47 , P (0 )  + , 60; 37 , C l* , 4 ; 3 6 ,  HC1*, 75; 35 , Cl"1, 1
B is (  d l f l u o r o p h o s p M n y l ) c th y la m in e  , [F 2? ( 0 ) ] 2KELt .
I n f r a r e d  S p ec tru m . 2980  b r  ,w , 1578 b , 1188 m, 1063 ra, IC05
960 s ,  955 m, 910 w, 875 ra, 820 w, 790 w, 652  w, 552 w, 510 s ,
-1430 w cm.
H ass  S p e c tru m . 198, [F2P ( 0 ) ] 2HCH2 , 15? 186, [F2 P (0 )  J 2lwi2 , 5 j  
155 , 7 ,  12 ; 128, F2? ( 0 ) NCHpCH^, 12; 114, FgPCOjNGH^, 1o; 104, 
P ( 0 ) F * ,  35 ; 8 5 , F?P (0 )* ,  100; 47, P (0 ) 'r , 8 0 ; 3 1 ,  P+ , 1 .
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3 i s (  d . i f i u o r o p h o s p h in y l ) a n i l i n e , CF^F(C)J_^£Th„
I n f r a r e d  S r e c t r u n u  3090 w, 29Bo w, 2920 vw, 1605  w, 1.902 m,
1425 ws 1335 a ,  12?2  m, 1232  w, 1130  b r ,w , 10?5  b r , n , 940  m,
9 1 2  m ,  8 7 3  w ,  8 2 0  m ,  7 4 0  m ,  695 n ,  6 5 0  w ,  5 4 0  w ,  5 2 6  w ,  4 9 0  m c m ! 5 
i-less S p e c t ru m * 261, CiVP(O)] iTCMlt, 10; 1 8 6 , [F , .P (0 ) ] 0UH* 1 0 0 ;— ^ d O ^ c. 2 2
1 7 7 , F2P(0)HC6H51  10; 8 5 , F2P(0) + , 8 0 ; 77, CA1* 10; 69 , F? p g  S; 
5 0 ,  FP+ , 8 ;  h 7 ,  p ( 0 ) +, 8 .
P r e p a r a t i o n  o f  B i s ( c h l o r  o f1u o ro p h o s p l i in y l)me t  hy la ra ine  « [FCIP( 0)"   ^I
P (0 )F C 1 5 ' ( 1 .6 4  g ,  1 2 .9 2  mmol) vjas added to  a  s t i r r e d  s o l u t i o n
o f  (Me^Si)^l'He (1 .1 3  g* 6 .4 6  mmol) i n  d i e t h y l  e t h e r  a t  0°C . When
19t h e  r e a c t i o n  m ix tu re  had been r e  f lu x e d  f o r  ^ 2  h o u r s ,  th e  F
ium *r»  s p e c tru m  showed, i n  a d d i t i o n ,  t o  u n r e a c te d  P(0)FC 12 , a
doub3.et c e n t r e d  a t  6 =--34ppd? J(PF) = 1134Hz. A f t e r  r e f l u x i n g
f o r  2 d a y s  t h i s  d o u b le t  had decrea sed  i n  i n t e n s i t y  and two
o t h e r  s e t s  o f  d o u b l e t s ,  f la n k e d  by w eaker l i n e s ,  had a p p e a r e d .
T h e se  l a t t e r  d o u b le t s  were a s s ig n e d  to  th e  two d i a s t e r e o i s o r a e r s
o f  CFCIP( 0 ) ] ^KMe• The i n i t i a l  one i s  th o u g h t  t o  be due to  an
i n t e r m e d i a t e  su ch  a s  FClP(0)l\IMe£iMe-.. The r e a c t i o n  d id  n o t  go5
t o  c o m p le t i o n  even  when th e  r e a c t i o n  m ix tu re  was r e f l u x e d  f o r  
a  week and  more P(0)FC12 was added t h e r e f o r e  a  p u re  sample c o u ld  
n o t  be o b t a i n e d .
R e a c t i o n  be tw een  F P(Q)NHMe and P(0),FC12 « When a  1 :1 :1  m ix tu r e  
o f  F P(0)NHMe, P(0)FC12 and Et^H i n  CHCl^ was r e f l u x e d  a t  40°C 
f o r  2 h o u r s  a  complex m ix tu re  o f  p ro d u c ts  was fo rm ed . T hese  
w ere  n o t  i d e n t i f i e d  b u t  a  ^F n . m . r .  sp ec tru m  showed th e  
f o l l o w i n g  s e t s  o f  d o u b le t s  a t t r i b u t e d  t o  p h o sp h o ru s  f l u o r i n e  
s p e c i . e s : — 5 = —7'3.3» J  = 1021; 5 = “ 73*51 3 -  1 0 6 0 ; 6 = ” 71 , 
j  = 1 0 3 4 ; 6 = -6 6 ,  J  = 925* & -  -64*5? J  = 997; 6 = -43» J  = 1 0 4 5 ;
6 = - 3 5 * 6ppm, J = 1109H z.
CHAPTER I I
THE SYNTHESIS' AND PROPERTIES OF SOME NITROGEN 
DERIVATIVES OF TUNGSTEN HEXAFLUORIDE•
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INTRODUCTION
a h e r e  a r e  now two w e l l  e s t a b l i s h e d  g e n e r a l  t r e n d s  
c o n c e r n in g  th e  thermodynamic s t a b i l i t y ,  and hence th e  r e a c t i v i t y ?  
o f  t r a n s i t ! o n - m e t a l  h a l i d e s
i )  I n  any row o f  th e  P e r io d ic  T ab le  t h e r e  i s  a  d e c r e a s e  i n  th e  
s t a b i l i t y  o f  th e  h ig h e s t  o x id a t io n  s t a t e s  w i th  in c re a .s e  i n  a to m ic  
number *
i i )  W i th in  any one group o f  t r a n s i t i o n - m e t a l s  th e  s t a b i l i t y  o f  
t h e  h i g h e s t  o x i d a t i o n  s t a t e  i n c r e a s e s  w i th  i n c r e a s i n g  a tom ic  
number*
T hese  t r e n d s  have been  s tu d ie d  e x t e n s i v e l y  u s in g  f l u o r i n e  
d e r i v a t i v e s .  S in ce  f l u o r i n e  s t a b i l i s e s  h ig h e r  o x i d a t i o n  s t a t e s  
i t  i s  p o s s i b l e  t o  o b t a i n ,  f o r  one m e ta l ,  a  r a n g e  o f  compounds 
e a c h  c o n t a i n i n g  th e  m e ta l  i n  a  d i f f e r e n t  o x i d a t i o n  s t a t e .
The h e x a f l u o r i d e s  i l l u s t r a t e  th e  o v e r a l l  t r e n d s  w e l l .  Thus 
chromium i s  th e  o n ly  f i r s t  row m e ta l  t o  form a h e x a f l u o r i d e  ~ and 
CrFg i s  th e rm o d y n a m ic a l ly  u n s t a b l e .  I n  th e  second  row th e  h e x a ­
f l u o r i d e s  from  molybdenum to  rhodium show d e c r e a s i n g  s t a b i l i t y  and 
no h e x a f l u o r i d e  o f  p a l la d iu m  has been p r e p a r e d .  I n  t h e  t h i r d  row, 
ho w ev e r ,  w i t h  th e  s y n t h e s i s  i n  1972 o f  AuFg C 65 ] , th e  h e x a f l u o r i d e s  
o f  a l l  t h e  e le m e n ts  from tu n g s te n  to  g o ld  have been  i s o l a t e d  [ 66 ] .
The t r i o  o f  compounds CrFg, KoFg and VJFg p r o v id e  a  s e r i e s  
o f  compounds on which com para tive  s t u d i e s  may be c a r r i e d  o u t ,  b u t  
i n  p r a c t i c e  work has  been  c o n c e n t r a te d  on MoFg and tfFg s i n c e  t r e y  
a r e  r e l a t i v e l y  s t a b l e .  The p h y s i c a l  p r o p e r t i e s  o f  th e  x a t t e r  a r e  
w e l l  e s t a b l i s h e d  [ 6? 3 .  ?^ey  a r e  b o th  v o l a t i l e  compounds and 
a r e  monomeric i n  th e  vapour p h a s e .  The a p p a r e n t l y  a n cr._-.lcus 
o r d e r  o f  t h e i r  b o i l i n g  p o in t s  (MoFg, B .P t .  54 E . P t .  1 ? .  ! C)
J o -  Uo -
a r i s e s  b e c a u se  t h e  i n t e r a o l e c u l a r  f o r c e s  a r e  a lm o s t  i d e n t i c a l  
on th e  p e r i p h e r y  o f  th e  m o le c u le s ,  and i t  i s  th e  e n t r o p y  te rm  
w inch  becomes p redom inan t a t  e l e v a t e d  te m p era tu re s* .  I t  i s  a  
f e a t u r e  o f  th e  h e x a f l u o r i d e s  i n  g e n e r a l  t h a t  th e  compounds o f  
th e  t h i r d  row e le m e n ts  a r e  a l l  more v o l a t i l e  th a n  t h e  c o r r e s p o n d in g  
s e c o n d  row h e x a f l u o r id e s *
MoFg and WF^ had lo n g  been  r e g a rd e d  a s  b e in g  c h e m ic a l ly  
v e r y  r e a c t i v e  and p o s s e s s in g  a lm os t i d e n t i c a l  c h e m ic a l  p r o p e r t i e s . ,  
However, t h i s  a s su m p tio n  was l a r g e l y  b a se d  on th e  f a c t  t h a t  th e y  
b o t h  h y d r o l y s e - r a p i d l y  and O 'D onnell  and S te w a r t  have s in c e  
shown t h a t  t h e r e  i s  a marked d i f f e r e n c e  i n  t h e i r  r e a c t i v i t i e s *
VIFg i s  v i r t u a l l y  i n e r t  b o th  a s  a  f l u o r i n a t i n g  a g e n t  and i n  
h a lo g e n  exchange  r e a c t i o n s ,  w h ile  KoFg, a l th o u g h  shewn to  be a  
m i ld  f l u o r i n a t i n g  a g e n t ,  r e a d i l y  exchanges  i t s  f l u o r i n e  f o r  
c h l o r i n e  i n  r e a c t i o n s  w i th ,  among o t h e r s ,  PCl^ anc* AsCl^ [ 63 J „ 
A lth o u g h  H uff  and h i s  co -w o rk e rs  s t u d i e d  some t r a n s i t i o n -  
m e ta l  h e x a f l u o r i d e s  i n  th e  f i r s t  t h i r d  o f  t h i s  c e n t u r y  [ 6 9 ,7 0 ] ,  
t h e  f i r s t  i n v e s t i g a t i o n  o f  th e  ch em ica l  p r o p e r t i e s  o f  WFg 
u n d e r  s t r i c t l y  anhydrous  c o n d i t i o n s  was c a r r i e d  o u t  by C la rk  
and  Em eleus ['71 3 .  They s tu d ie d  r e a c t i o n s  betw een WFg and 
v a r i o u s  t y p e s  o f  compounds* N e i th e r  a l k a l i  m e ta l  f l u o r i d e s  
n o r  s u lp h u r  d io x id e  were found to  r e a c t  w i th  WF^ , a l th o u g h  
o t h e r  w o rk e rs  have p re p a re d  and c h a r a c t e r i s e d  s a l t s  o f  th e  
ty p e  RV/F6 (R = K, Eb, Cs) [ 7 2 ,  73 3 . S u lp h u r  t r i o x i d e ,  how ever,  
d id  r e a c t  t o  g iv e  an  i n v o l a t i l e  v i s c o u s  l i q u i d  formu.la.ted a s  
t h e  f l u o r o s u l p h a t e  WF2(S0^F)^. R e a c t io n s  w i th  v a r io u s  n i t r o g e n  
compounds p ro d u ced  th e  fo l lo w in g  r e s u l t s : -
i )  W ith ammonia. An orange-brow n s o l i d ,
i i )  W ith  p y r i d i n e .  A w h ite  h y g ro sc o p ic  s o l i d ,  (C _ L y O y > ig .
-  4 9
m i )  v/± <..ii r e b L y lc j r in e  • a w h ite  u n s t a b l e  h y g ro s c o p ic  s o l i d ,
( C L N ) ^ .  b 2 O
The p r o d u c t s  o i  t h e s e  r e a c t i o n s  were i d e n t i f i e d  from a n a l y t i c a l  
r e s u l t s :  t h e s e  i n d i c a t e  t h a t  hTFg does  n o t  u n d e rg o  s u b s t i t u t i o n  
r e a c t i o n s  w i th  am ines b u t  i n s t e a d  forms s t a b l e  a d d u c t s .  A dducts  
h av e  a l s o  b een  i s o l a t e d  w i th  s u lp h u r  and s e le n iu m  d o n o rs  C 79- ] • 
how ev er  , r e a c t i o n s  betw een T‘iFg and oxygen d o n o rs  a r e  more 
com plex* Me^O, Et^O and (M e^Si^O  r e a c t  w i th  WFg t o  p roduce  
bOF^.GfIe2 , i-vOF^fOEt^ and VJOF^  r e s p e c t i v e l y  C 75 ]«  The f o r m a t io n  
o f  t h i s  ty p e  o f  c o m p le x 'd e m o n s t ra te s  th e  g r e a t  s t a b i l i t y  o f  a 
m u l t i p l e  t u n g s t e n  oxygen bond.
C harge  t r a n s f e r  i n t e r a c t i o n s  have been o b s e rv e d  be tw een  
VfBV an d  b o t h  t h e  groux>(IV) compounds-MX. (M = S i ,  Ge, Sn, X = a l k y l
v_/ Lf. .
M = C, S i ,  Sn, X =C1) and v a r io u s  o rg a n ic  s o l v e n t s  C?6-'79lo
The s tu d y  o f  th e  c h e m is t ry  o f  s u b s t i t u t e d  d e r i v a t i v e s  o f  
WF^, in d e e d  o f  a l l  t r a n s i t i o n - m e t a l  h a l i d e s ,  has  p ro c e e d e d  
s l o w l y .  Some f u l l y  s u b s t i t u t e d  d e r i v a t i v e s  su ch  a s  W(KMe2 )g ,  
iJMe^ and W(QMe)g have been  p re p a re d  C 8 0 -8 2  ] a l th o u g h  o n ly  Id( Clle) ;.- 
c a n  b e  s y n t h e s i s e d  from WFgj th e  o t h e r s  a r e  p r e p a r e d  by a r e a c t i o n  
o f  t h e  t y p e : -
LiX + WClg -*  WXg + L iC l (X = Khe? , he )
The m o n o - s u b s t i t u t e d  d e r i v a t i v e  WF^Cl, p r e p a r e d  by an  exchange 
r e a c t i o n  be tw een  T iC l^  and was f i r s t  r e p o r t e d  i n  19&3 C 83 3 ,
b u t  i t  i s  o n ly  s in c e  th e  i n t r o d u c t i o n  o f  a  ty p e  o f  r e a c t i o n  
i n v o l v i n g  th e  c le a v a g e  o f  a W-F bond by a  S i —X bond (X = C l ,  OLe, 
OPh), t h a t  th e  s e r i e s  has  been e x te n d e d .  S p e c t ro s c o p ic
s t u d i e s  on th e s e  compounds s u g g e s t  t h a t  th e y  a re  monomeric i n  
s o l u t i o n  w i t h ,  i n  some c a s e s ,  g eo m e tr ic  is o m e rs  b e in g  p re s c . i t*  
R e c e n t  w ork , a l s o  in v o lv in g  o r g a n o s i l i c o n  compounds a s  p r e c u r s o r s ,
-  3 0  -
•has p ro d u c e d  a s e r i e s  o f  d i  a l k y l  ami no d e r i v a t i v e s  V/tv ( t ~ p 'i
~ b ~ n
\x\ -  iic;?n = ! .* li = E r ,n  = 1 , 2  .and if- ) [ - 8 h ]*  The c h e m is t r y  o f  
t h e s e  d e r i v a t i v e s ,  i n  p a r t i c u l a r  t h e i r  r e a c t i o n s  w i th  I-ie-SiCl. 
Me^SiOMe and  (MeO)^SO, has  been s tu d ie d *  In  e a c h  c a s e  f u r t h e r  
s u b s t i t u t i o n  o f  f l u o r i n e  atoms i s  ach iev ed *  The p h y s i c a l  
p r o p e r t i e s  o f  b o th  and WF (NEt2 ) 2 a r e  c o n s i s t e n t  w i th
t h e i r  b e i n g  a s s o c i a t e d  i n  s o l u t i o n ,  w h ile  V7F2 (HEt2 ) z> a p p e a r s  t o  
be monomeric*
I t  was th e  aim o f  th e  work d e s c r ib e d  i n  t h i s  c h a p t e r  to  
e x t e n d  th e  c h e m is t ry  o f  WF^ 'with a  view to  s y n t h e s i s i n g  W=H 
o r  vf-N-iv l i n k a g e s  a s  t h e r e  a re  few exam ples i n  t r a n s i t i o n - ,  
m e t a l  c h e m is t r y  o f  compounds c o n t a in in g  th e s e  k in d s  o f  bonds*
The compounds p re p a re d  from th e  r e a c t i o n  o f  t u n g s t e n  
o x id e  t e t r a c h l o r i d e ,  WOCl^, w i th  p r im ary  am ines  were found  by 
a n a l y s e s  t o  have th e  c o m p o s i t io n  WCC1NR.NKR (R = K e ,E t ,P h )  [ 85 3 » 
T hese  a r e  red -b ro w n  c r y s t a l l i n e  s o l id s *  E v idence  from p ro to n  
m a g n e t ic  re s o n a n c e  (P.M*R.) and i n f r a r e d  s p e c t r a  s u g g e s te d  
t h a t  two d i f f e r e n t  ty p e s  o f  tu n g s te n  n i t r o g e n  bonds v;ere p r e s e n t .  
The e x i s t e n c e  o f  f o u r  re so n an ce  s i g n a l s  i n  th e  P.M.R.- sp ec tru m  
o f  WOClITEt.NEEt, which was re c o rd e d  a s  a 5% s o l u t i o n  i n  c h lo ro fo rm ,  
i n d i c a t e d  t h a t  th e  compound c o n ta in e d  two n o n - e q u iv a l e n t  
m e th y le n e  g ro u p s  and hence two non—e q u i v a l e n t  t u n g s t e n  n i t r o g e n  
b o n d s .  [S ee  T able  2 .1 ]  In  th e  i n f r a r e d  s p e c t r a  o f  a l l  th e
-1com pounds, W0C1KR.NHR, a  band was ob se rv ed  i n  th e  970-930 cm. 
r a n g e .  The a u t h o r s  a s s ig n e d  t h i s  band to  th e  W=N s t r e t c h i n g  
frequency* .
A second tv p e  o f  compound c o n t a in in g  a  m e ta l  - n i t r o g e n  
d o u b le  bond was p re p a re d  from rhe r e a c t i o n
V0C1., + (M eySi^KE —> VCl^NE + ( l l e - S i ^ O
(R = Ke , Ph)
-  51 -
- A3L5 2 ,1  
P.M .R. o f  WOClKSt.NEEt
Group. h(ppm)
-CH,3 1 .1
(kh) - ch 2 . 9
-KH- ko 6
=h- ch2 7-3
T hese  compounds a r e  a l s o  c r y s t a l l i n e  s o l i d s -  In  t h i s  c a s e
v(V=l'I) was a s s ig n e d  t o  a  band a t  935 cnu [ 86 3-
A compound c o n t a i n i n g  a  Y=H was a l s o  o b ta in e d  from  th e
f o l l o w i n g  r e a c t i o n : -
KH.VO, + 21IN ( S i Me ~ ~>NH3 (Me_SiO),V=NSiMe3
k  3 3 2- 3 3 3
Si
v(V=N) was a s s ig n e d  t o  a  band a t  990  cm- [ 87 ]«
B ra d le y  and G i t l i t z  have examined th e  i n f r a r e d  s p e c t r a  o f
a l k y l a m i d o - t r i s d i a l k y l a i n i n o  ta n ta lu m  compounds, RN=Ta(NB2 ) ^ %
(R = E t , n P r and nBu) [ 8 8 ] .  They a s s ig n e d  bands i n  th e  620-580 cm.
r a n g e  to  Ta-N s t r e t c h i n g  v i b r a t i o n s  b u t  were u n a b le  t o  a s s i g n
any  b an d s  t o  v (T a-N ). They s u g g e s te d  t h a t  t h e s e  m igh t be
— 1i n  t h e  1200-1000  cm. r e g io n  and so be o b scu red  by th e  c a rb o n  
n i t r o g e n  s t r e t c h e s  o f  th e  l i g a n d s .  However, th e  p r e s e n c e  o f  
two n o n - e q u i v a l e n t  R g ro u p s ,  =NR and -HR2 , was c o n f i rm e d  by 
t h e  n . m . r .  s p e c t r a  o f  th e  compounds, two d i f f e r e n t  s i g n a l s  
b e i n g  o b t a in e d  f o r  th e  m ethylene p ro to n s -  In  mtN=ia(Li'-i02 )™, i c r  
e x am p le ,  th e  e th y l im id o  m ethylene q u a r t e t  was r e s o l v e d  5 8 -5 c /g c c  
d o w n f ie ld  from th e  m ethylene q u a r t e t  o f  th e  d ie th y la m id e  g r o u p s .
The two m e th y l  t r i p l e t s  were a l s o  r e s o lv e d  b u t  were t c o  c l o s e
( 3 « ? c / s e c )  to  be se p a r a te d .
The com plex [Re(KMe)Cl (P E tP li- )^ ]  has  been  shewn by X -r
✓  Cm l-m
c r y s t a l l o g r a p h y  to  have th e  fo l l o w in g  s t r u c t u r e  [ 89  j  : ~
Me
<*Re=N-Ke = 1 7 3 . 4 0 0 °
Ph^EtP . c i O ) R e -C l(1 )  = 2 .4 2 8 (6  ;2
Re~Cl(2) = 2 * 4 0 8 (6 )2
R e - C l (3) = 2 .4 1 1 ( 6 ) 2C i(2 ) ’EtPh,‘2
Cl(3) Re=l\T = 1 .6 8 3 (1 1 ) 2
The n o t a b l e  f e a t u r e s  o f  i t s  s t r u c t u r e  a r e  an  a lm o s t  l i n e a r  Re-IJ-He
l i n k a g e  and  a  s h o r t  Re=N bond l e n g t h .  Again th e  M=N s t r e t c h i n g  
f r e q u e n c y  c o u ld  n o t  be a s s ig n e d  w i th  c e r t a i n t y  b e c a u se  th e  
a r y l - p h o s p h i n e  l i g a n d s  a b so rb ed  i n  th e  same r e g i o n  b u t  a  band
The o x i d a t i o n  o f  tu n g s te n (V )  c h l o r i d e  by t r i c h l c r o a c e t o n i t r i l e  
p ro d u c e d  on slow r e c r y s t a l l i s a t i o n  from d ic h lo ro in e th a n e  an 
o r a n g e - y e l lo w  c r y s t a l l i n e  s o l i d  which a n a ly s e d  a s  VJClg.CCl^CK*
An X - ra y  s tu d y  o f  t h i s  compound showed i t  t o  have th e  f o l l o w i n g  
s t r u c t u r e '  C903
^  j
a t  ^1090  cnu was t e n t a t i v e l y  a s s ig n e d  t o  v(Re=N).
o Cl
“  -
The t u n g s t e n  n i t r o g e n  bond l e n g t h  was found to  be 1 . 7 l £ .  T h is
X b s h o r t e r  t h a n .  t h o s e  f o u n d  f o r  t u n g s t e n  ( V i )  o x y g e n  M u l t i p l e
bond l e n g t h s  w hich  l i e  i n  th e  ran g e  1 . 8 - 1 . 9 2 ,  and s h o r t e r
t h a n  W~N s i n g l e  bond l e n g th s  w hich a r e  e s t i m a t e d  to  l i e  i n
th e  r a n g e  2*Qh~*2.07A L 80 1 o Because o f  th e  s h o r t  1\T~2I d i s t a n c e
a n d ' t h e  a lm o s t  l i n e a r  W-N-C s k e l e t o n  ( th e  a n g le  = 1 7 7 ° ) ,  th e
t u n g s t e n  n i t r o g e n  l i n k a g e  was d e s c r ib e d  a s  V^N w i th  (p -d )-n
b o n d in g  i n c o r p o r a t i n g  th e  n i t r o g e n  lo n e  p a i r .
A f u r t h e r  c r y s t a l  s t r u c t u r e  was l a t e r  c a r r i e d  o u t on th e
p r e c u r s o r  o f  WClg.CCiy3N; which i s  WC1^«2CC1^CK [ 91 3 • The
s t r u c t u r e  showed t h a t  t h i s  compound c o n t a in s  b o th  t r i c h l o r o a c e t c -
n i t r i l e  and p e n t a c h l o r o e t h y l n i t r i d e  g ro u p s .  The t u n g s t e n
n i t r o g e n  l i n k a g e  was a g a in  p roposed  as  a  s in c e  i t  had th e
v e r y  s h o r t  bond l e n g t h  o f  1 #7o2 *
A lth o u g h  com ple te  i n f r a r e d  d a t a  on th e  compounds WCl^.CCl^CN
an d  hTC 1^.2CCl7CN were n o t  p u b l i s h e d ,  a band o c c u r r i n g  i n  th e
*■•‘1s p e c t r u m  o f  e a c h  a t  1286 cm. w a s -a s s ig n e d  a s  v(W5K).
I t  c an  be s een  from th e  exam ples d e s c r ib e d  above t h a t  n . m . r .  
and  i n f r a r e d  s p e c t r o s c o p y  a re  im p o r ta n t  t o o l s  i n  th e  c h a r a c u e r i s a . tx o u  
o f  compounds c o n t a i n i n g  t r a n s i t i o n  m e ta l  n i t r o g e n  m u l t i p l e  b o n d s .
They a r e  u s e d  e x t e n s i v e l y ,  t o g e t h e r  w i th  mass s p e c t r o m e t r y ,  t o  
i d e n t i f y  t h e  compounds p re p a re d  i n  t h i s  w ork .
SUMMARY OF REACTIONS
1« WF,
WF
1 week
(l‘i e , S i ) 0Idle •*—^  WF l-ii'ie + Rke^SiF;> 2 if z
F0PNMeSiMe, ■2 3
1 week
— \  WF. NMe + I*:e,SiF + PF,^ 3 3
3 -  WFg + HeNSF2
A* WF^ . + ' ( F_,PNMe),
—4  p o ly m e r i s a t i o n  o f  KeNSF0
1 vreek
no r e a c t i o n
5 .  WF. NMe + KeCN -> WF^NKe.MeCN
MeCN
6 .  • WFg + (M e_Si)2I »  ----$ WF. NMe .MeCM
im m ed ia te ly
WF (Ke7Si)0M e  3 2
CD_.CN
— 4 WF^NKe .CD^CN
8 .  WF. NMe.MeCN + C-BLN —  ^ V7F.NMe.py + MeCNif if
9 .  WFg + (Me.,Si)2NMe
py
WF. NMe. py + . 2Me_ S iF  if 3
Cr-Dr-N
10. WFg + (Me^Si)2NMe WF^M fe.C^D^N + FKe^.SiF
KeCN
11 . WF, NMe.MeCN + Me7S iC l — j> WC1 NMe • MeCN + Me S iF
k  J  x
1 2 .  WF, NMe .MeCN + Me_SiOKe h  3
W ( OMe), NMe ? + Me £ i  Fk  1
MeCN
1 3 .  WF, NMe.MeCN + SFcCl —4  no r e a c t i o n
^ 5 hv
1M. NMe.MeCN + S02 no r e a c t i o n
1 5 .  WF. NMe.MeCN + CSp 
if ^
-80°C
no r e a c t i o n
r e a c h  c o lo u re d  s o l i d  + 2 Me1 6 .  WFg + (Me^Si)2NH
MeCN
1 7 .  WF,- + (Me-.Si)~NH *—4  NE. WOF,-.MeCN + 2Me_.3iF
6 ? .  d  im m e d ia te ly  ^
C3X.CN
1 8 .  WF/- + ( K e ,S i ) 0NH —4  NH^  WOF^.CD^CN
MeCN
2 2 .  NH. YJOFj-.MeCN + Me__SiCl —*—> NH. WOC1 «MeCN 4 j  p if 5
23« MoF£ + (Me-.Si)^l'JMe —  ^ lfMcF, NMe” + 2M e,SiFo 3 2 4 3
MeCN
22f. MoF/- + (M e^Si)0NMe — * "MoF. NMe.MeCN** -f 2Me_SiFO ;> 2 if j>
C HM'I
25* MoFg + (Mc^Si^NMe -2 « r  "MoF^NMe.py" + 2Me^SiF
-  5 6  -
RESULTS and DISCUSSION
. P r e p a r a t i o n  o f  WF^ NKe. T u n g s ten  h e x a f l u o r i d e  and h e p ta m e th y l -
a i s x l a z a n e  r e a c t  t o g e t h e r  ev e r  a  p e r i o d  o f  a  v;eek, i n  t h e  a b sen ce
o f  a  s o l v e n t ,  a c c o r d in g  to  e q u a t io n  ( 1 )
' + (M e^Si)2NMe - 4  cream  s o l i d  + Me^SiF ( 1 )
The e l e m e n t a l  a n a l y s e s  on th e  s o l i d  were n o t  c o n s i s t e n t
b u t  s u g g e s t  t h a t  i t  h as  th e  c o m p o s i t io n  VJF, NCEL. I n  an  e f f o r tq p
t o  o b t a i n  c o n s i s t e n t  a n a ly t ic a 3 .  d a t a  f o r  th e  compound p o s s i b l e  
p r e c u r s o r s  c o n t a i n i n g  an -NMe group were s u b s t i t u t e d  f o r  (Me,Si),J '.l .0 «
j  C.
MeNSF^ and V7F^  r e a c t  below room t e m p e r a tu r e  t o  p ro d u ce  an
o ra n g e  v i s c o u s  l i q u i d .  T h is  r e s e m b le s  th e  p r o d u c t  form ed when
MeNSF^ p o ly m e r i s e s  011 s t a n d i n g  a t  room t e m p e r a tu r e  f o r  s e v e r a l
h o u r s  L 92 3 * I t  seems l i k e l y ,  t h e r e f o r e ,  t h a t  WFg c a t a l y s e s  th e
p o l y m e r i s a t i o n  b e fo re  th e  r e a c t i o n
•WFg + MeNSF2 - 4  WF^NMe + SF^ (2)
c a n  t a k e  p l a c e .
No r e a c t i o n  o c c u r s  betw een (Fy?NMe) 2 and WFg even  i n  th e
p r e s e n c e  o f  MeCN a s  a  s o l v e n t .
WFg + ( F^PNMe) 2 X4 WF^NMe + PF^ (3)
F^PNMeSiMe. and WFr  r e a c t  o v e r  th e  p e r i o d  o f  a week 2  3 0
a c c o r d i n g  to  e q u a t io n  (A);
WF6 + F2PNlieSiMe^ - 4  y e l lo w  s o l i d  + PF^ + Ke^SiF ( i )
I t  seem s l i k e l y  t h a t  t h i s  r e a c t i o n  p ro c e e d s  v i a  an i n t e r m e d i a t e  -
p o s s i b l y  F^PNMeWFj. o r  VJF^NMeSiMe^. An i n t e r m e d i a t e  o f  t h i s
t y p e  was i s o l a t e d  when FgPNMeSiMe^ r e a c t e d  w i th  PF^ i n  th e
f  o i l  ow ing way E 23 3 :
PF^ + FgPNMeSiMe^ - 4  FgFNKePF^ + l l e . f i ?  (;;)
Hov/ever, F.PNilePF. d im e r is e d  on h e a t i n g  to  80° t o  p roduce  (F FNKeK 
2 s  ■
-  5 7  -
t~Jid Pi1 _ o .tiivempcs were made "to e s t a b l i s h  th e  p r e s e n c e  o i  an 
i n t e r m e d i a t e  i n  r e a c t i o n  (If) by s tu d y in g  by i n f r a r e d  s p e c t r o s c o p y  
a t  v a r i o u s  t im e s  d u r in g  th e  week th e  c o m p o s i t io n  o f  th e  v o l a t i l e  
p r o d u c t s *  At a l l  t im e s  th e r e  ap p e a re d  to  be a  ~1:1 m ix tu re  
o f  PF-2. and  Me^SiF a n d ,  t h e r e f o r e ,  i t  can  be assum ed t h a t  i f  
a n  i n t e r m e d i a t e  i s  formed i t  i s  u n s t a b l e  and n o t  i s o l a b l e *  The 
a n a l y s e s  o f  th e  ^fellow s o l i d  formed i n  (A) c o r re s p o n d e d  more 
c l o s e l y  w i th  WF^NCH^ th a n  t h a t  formed via. e q u a t io n  (1 )  ( s e e  Expcri?
C h a r a c t e r i s a t i o n  o f  WFt I©fe*   ' ' A-
1) Mass S p e c t ru m a The mass sp ec tru m  has p ro v id e d  v a l u a b le  
e v id e n c e  i n  t h e  c h a r a c t e r i s a t i o n  o f  th e  compound ( s e e  T ab le  2 * 2 ) ,  
The t u n g s t e n  atom  h as  fo u r  n a t u r a l l y  o c c u r r i n g  i s o t o p e s  
w h ic h  have r e l a t i v e  abundances  o f  o ver  1 % a s  shown below
30.
20
10.
R e l a t i v e  In te rn
182 183 I8if 185 186 m/e
T h i s  p a t t e r n  i s  r e a d i l y  i d e n t i f i a b l e  i n  a mass s p e c tru m  and makes 
a n a l y s i s  o f  a n y  spec trum  which c o n t a in s  t u n g s t e n  r e l a t i v e l y  s im p le  
I d e n t i c a l  s p e c t r a  a r e  o b ta in e d  from th e  sam p les  o f  VJF^NKe 
p r e p a r e d  from WFg/CMe^Si^NHe and WFg/FgPEKeSiMe^. The sp e c tru m  
i s  s im p le *  A lthough  n o t  con firm ed  by m e ta s ta b l e  t r a n s i t i o n s ,  
t h e r e  a p p e a r s  t o  b e  two breakdown p a t t e r n s ,  l o s s  o f  th e  RMe go. c u p
TABLE 2*2
Mass Spectrum o f  WFf NMe
m /e A ssignm ent R e l a t i v e  I n t e n s i t y
291 WF, NCH* 4 3 27
272 VJF,NCHt 3 2 100
262 WF*
4 44
244 WF_H+2 3
2 43 WF^ t2 36
224 wr+ 27
205 wf+ 13
29 NCH*2 43
N o t e s : -
i )  I n t e n s i t i e s  a r e  m easured a s  f r a c t i o n s  o f  t h e  m ost ab u n d an t  
t u n g s t e n  c o n t a i n i n g  p e a k ,
i i )  Only th o s e  peaks  > 1 /  r e l a t i v e  i n t e n s i t y  above m/e = 28 
a r e  d e t a i l e d ,
♦ • * \  /  • ~ 1 ri x x )  m/e v a l u e s  a r e  g iv e n  l o r  W„
i v )  The sp e c tru m  was r e c o rd e d  a t  250°C, No sp e c tru m  was 
o b s e r v e d  i f  t e m p e r a tu r e s  below  t h i s  w ere u s e d .
-  SQ
a n a  s u c c e s s i v e  3. o s s  o x  f l u o r i n e  a t o m s  i r o n  t h e  l i i o l e c u l a r  i o n
*4*Mrr*•C-*» v % X * •
T
xh.6 o b s e r v a t i o n  o f  an io n  c o r re s u o n d iu p 1 to  N',? KCH.I suT>7*cr t  so  - i f  ^
t n e  e v id e n c e  from th e  e l e m e n ta l  a n a l y s e s  t h a t  th e  comoeand i s  V.'F,
2 )  S t r u c t u r e ' a n d  I n f r a r e d  S pec trum . Assuming t h a t  t h e
m o l e c u l a r  fo rm u la  o f  th e  compound i s  WF. IlMe s e v e r a l  s t r u c t u r e sk
a r e  p o s s ib le ©  WFg h a s  been  shown to  be o n ly  a  we ale o x id a n t  [ 66 j 
s o  i t  seems l i k e l y  t h a t  d u r in g  th e  r e a c t i o n s  u n d e r ta k e n  th e  
t u n g s t e n  atom w i l l  r e t a i n  an o x i d a t i o n  number o f  six© Some 
o f  t h e  p o s s i b l e  s t r u c t u r e s  a r e
Me
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V a r i a t i o n s  o f  I  and I I  such  a s  t r i m e r i c  o r  t e t r a m e r i c  m o le c u le s
a r e  a l s o  p o s s i b l e ,  A f l u o r i n e - b r i d g e d  s t r u c t u r e  w ould  n o t  be
be s u r p r i s i n g  i n  view o f  th e  s t r u c t u r e s  d e te rm in e d  f o r  an a lo g o u s
a p p a r e n t l y  f i v e  c o o r d in a te  t r a n s i t i o n - m e t a l  compounds such  a s
NbF and WOF • NbFe was th e  f i r s t  compound o f  t h i s  s t r u c t u r a l  
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ty p e  t o  be s t u d i e d .  In  th e  s o l i d  phase  i t  h as  been  e s t a b l i s h e d
-  6 c  -
a s  a  t e t r a m e r i c  m o lecu le  w i th  f l u o r i  ne b r i d g e s  [ 9 3 1 .  A lthough  
t h e r e  h a s  been  some c o n t ro v e r s y  a b o u t th e  s t r u c t u r e  o f  WOF i t  
new seem s c e r t a i n  t h a t  i t  a l s o  i s  a f l u o r i n e  ( a s  opvoscd  to  
oxygen) b r id g e d  t e t r a n e r i c  s p e c i e s  C 9i;- • 95 1 .  I n  f a c t ,  th e  s t r u c t u r e s  
whxen have b een  d e te rm in e d  f o r  b o th  t r a n c i t i o n - m e t a l  pentafj.uori.ee.':: 
and f i v e  c o o r d in a t e  f l u o r i n e  c o n t a in in g  d e r i v a t i v e s  o f  
t r a n s i t i c n - m e t a l s  i n  a +6 o x id a t io n  s t a t e  have shown them a l l  
t o  be b r id g e d  s p e c i e s .  T h is  s u g g e s t s  t h a t  s t r u c t u r e s  I I I  and 
IV ab o v e  a r e  u n l i k e l y .  The i n f r a r e d  sp ec tru m  o f  V.T^kMe i s  
h e l p f u l  b o th  i n  e l i m i n a t i n g  I I I  and IV a s  p o s s i b i l i t i e s  and d e c id in g  
w hich  o f  I  o r  I I  I s  th e  more l i k e l y  s t r u c t u r e .
The co m p le te  in f ra x 'e d  sp ec tru m  i s  g iv e n  i n  T ab le  2 , 3 .
T h ere  a r e  r e l a t i v e l y  fev; bands p r e s e n t  s u g g e s t i n g  a  s im p le  s t r u c t u r e .  
The s p e c t ru m  i s  r e p r o d u c i b l e  from sample t o  sam ple  b u t  i n  v iew  
o f  t h e •i n c o n s i s t e n t  a n a l y t i c a l  d a t a ,  and hence  th e  p o s s i b l e  
i m p u r i t y  o f  th e  sam p le ,  any a s s ig n m e n ts  m ust be t e n t a t i v e .
• I t  h a s  been  s u g g e s te d  from a s tu d y  o f  t r a n s i t i o n - m e t a l  
f l u o r i d e  s p e c t r a  t h a t  t h e r e  a re  t h r e e  d i s t i n c t  r e g i o n s  i n  th e  
s p e c t r a  due t o  m e ta l  f l u o r i n e  v i b r a t i o n s : -
—'1i )  A m e ta l  t e r m i n a l  f l u o r i n e  s t r e t c h i n g  r e g i o n ,  800-600  cm. .
i i )  A m e ta l  b r i d g i n g  f l u o r i n e  s t r e t c h i n g  re g x o n ,  550-A50 cm. .
i i i )  A m e ta l  f l u o r i n e  b end ing  r e g i o n ,  350-30  cm. [ 96  ] *
-1Thus th e  v e ry  s t r o n g  band a t  700-650 cm. o b se rv e d  i n  th e
s p e c t ru m  o f  WF. NMe i s  a s s ig n e d  to  a  t u n g s t e n  t e r m i n a l  f l u o r i n e
s t r e t c h i n g  mode. However, t h i s  i s  a l s o  th e  r e g i o n  where v(W*~h ) ,
i f  p r e s e n t ,  would be ex p e c te d  to  o ccu r  and i t s  p r e s e n c e  may
- Ibe h id d e n  by th e  s t r o n g  v(W-F). The band a t  5h0-5^0  cm. i s  
i n  t h e  r e g i o n  e x p e c te d  f o r  a m e ta l  b r i d g i n g  f l u o r i n e  s t r e t c h ,  
and  i s  a s s ig n e d  a s  su c h .  T h is  a ss ig n m e n t  i s  corixxrmed by m e
- 6 1 -
TABLE
I n f r a r e d  S p e c t r u m  o f  VJF, NNe
—1WF. NMe (cm, ) A ss ignm en t
 a— — -------------— ----------------------------------------------------- -;---------------------------------------------------------------------------------------------------------- - ----- - -----
11*12 w
1335 ra v(C-H) i n  s e c o n d a ry
amine
12b0 v/ p o s s i b l y  He..Si impu?j
8 9 0  u  v (W=K)
835  m p o s s i b l y  Me^Si impu:
682 s  v(W~F) t e r m i n a l
6 i*8 s  v(w—F) ,f
31*0-510 m ,b r  v(W-F) b r i d g i n g
The s p e c t ru m  was r e c o rd e d  in. th e  s o l i d  phs.se u s in g  b o th  n u j o l  
an d  f l u o r o l u b e  a s  m u l l in g  agents®
f a c t  t h a t  t h e r e  i s  no c o r re s p o n d in g  band i n  WF^Me.KeCN w hich  
h a s  b e e n  a s c r i b e d  a  n o n -b r id g in g  s t r u c t u r e  (v id e  i n f r a ) .
No b an d s  a t  A/3000 cm, due t o  BC—H v i b r a t i o n s  a r e  c . i s c e m i b l e  
T h e re  i s ,  how ever, a  medium i n t e n s i t y  band a t  890  cm, J .his i s  
n o t  i n  t h e  ra n g e  c o r re s p o n d in g  to  any C-H, C-N o r  M-F 
v i b r a t i o n  (M = t r a n s i t i o n  m e ta l ) ,  n o r  i s  i t  i n  vhe r e g io n  
e x p e c t e d  f o r  K-N s t r e t c h i n g  v i b r a t i o n s  w hich sh o u ld  o c c u r  from 
7 0 0 —3 0 0  ccu^  C 88 3 .  1 p o s s i b l e  im p u r i ty  i n  th e  compound i s
u n r e a c t e d  (Me S i ) 2NKe b u t  i t s  sp ec tru m  does n o t  have a peak  a t  
890  cm7^ C61 1* By com parison  w i th  th e  s p e c t r a  c f  th e  t r a n s i t  non- 
m e t a l  compounds c o n t a in in g  m e ta l  n i t r o g e n  m u l t i p l e  bonds 
d e s c r i b e d  i n  th e  I n t r o d u c t i o n ,  t h i s  band a r  89c cm, i s  a s s ig n e d
-1t o  a  M=N s t r e t c h i n g  v i b r a t i o n .  I t  o c c u r s  80 -100  cm. lo w e r  
t h a n  o t h e r  v a l u e s  o f  v(M=N) w hich have been  o b s e rv e d  * T h is  i s  
a t t r i b u t e d  t o  th e  g r e a t e r  e l e c t r o n e g a t i v i t y  o f  t h e  f l u o r i n e  
a tom s com pared w i th  th e  a l k y l  and c h l o r o  g ro u p s  p r e s e n t  i n  
th e  o t h e r  d e r i v a t i v e s *
The a s s ig n m e n t  o f  bands t o  b r i d g i n g  f l u o r i n e  atom s and 
a  W=N bond i m p l i e s  t h a t  I I  i s  th e  most l i k e l y  s t r u c t u r e ' f o r  
WF^NMe. However, no d e c i s i o n  can  be made a b o u t  t h e  d e g re e  o f  
p o l y m e r i s a t i o n  o f  th e  m olecu le*
3) N.M.jR. S p e c t r a  and M o lecu la r  V /eight. N .m .r .  s p e c t r a  
c o u ld  n e t  be o b ta in e d  a s  VJF, NMe i s  o n ly  s o l u b l e  i n  p o l a r  s o l v e n t s  
w i th  w h ich  i t  r e a c t s .  M o le c u la r  w e ig h t  s t u d i e s ,  w hich  w ould 
have g iv e n  an  i n d i c a t i o n  o f  th e  d e g re e  o f  p o l y m e r i s a t i o n ,  
w ere a l s o  r u l e d  o u t  b e ca u se  o f  th e  l a c k  o f  a  s u i t a b l e  s o l v e n t .
P r e p a r a t i o n  o f  WF, NMe.MeCN* S in ce  WF.NMe r e a c t e d  w i th  MeCN
f r w - r r . in - . - m _ j  T X i - r r n i - . - . T - r - n n - t j .  . ■ r r  t  . i r — n r
i t  was th o u g h t  t h a t  th e  a d d i t i o n  o f  MeCN to  th e  r e a c t i o n
m i x tu r e  o f  XvTg and (Me^Si^NMe m igh t p ro d u ce  an a d d u c t  f o r
w hich  i t  would be p o s s i b l e  to  o b t a i n  good e l e m e n t a l  a n a l y s e s
and w h ich  c o u ld  be s t u d i e d  by n .m * r .  s p e c t r o s c o p y .  T h is  p roved
t o  be t h e  c a s e .
The a d d u c t  WF^NMe.MeCN may be p r e p a re d  i n  two w a y s : -
WF^NMe + xsMeCN —» WF^NMe .MeCN (6)
(Me3S i ) 2Nl*le + VfFg VTF^NKe.MeCN + 21-le^SiF (? )
R e a c t io n  (7 )  t a k e s  p la c e  im m e d ia te ly  on warming th e  r e a c t a n t s
from  ~196°C. I t  a p p e a r s  to  p ro c e e d  v i a  a  p u r p le  i n t e r m e d i a t e
w hich  c h a n g e s  a tv -3 0 °C  t o  form an o range  c r y s t a l l i n e  s o l i d .
19On one o c c a s io n  a 7F n . m . r .  sp ec tru m  was o b ta in e d  o f  th e  p u r p le  
s o l u t i o n .  I t  c o n s i s t e d  o f  a s i n g l e t  w h ich  had  a c h e m ic a l  s h i f t
of *92«>5pp'a ? (CCl^F was u sed  a s  an  e x t e r n a l  r e f e r e n c e ) . T h is  
v a lu e  o f  c h e m ic a l  s h i f t  i s  i n t e r m e d i a t e  be tv:con t h a t  o f  W1V 
(+163ppm) and t h a t  r e c o rd e d  e l se w h e re  f o r  UF. NKo .MeCN ( ~ 3 5 f r , y . t
U - -  ■ ~  A •
M oreover,  i t  i s  i n  th e  same r e g io n  a s  t h a t  n o te d  f o r  VJFr NEt2
(+128ppm) C 8h ] .  However, t h i s  i n t e r m e d i a t e  s p e c i e s  c o u ld  n o t
be i s o l a t e d  and was n o t  s t u d i e d  f u r t h e r  b u t  i t  i s  th o u g h t  from
i t s  c h e m ic a l  s h i f t  t h a t  i t  i s  a  compound s u ch  a s  WF,-lh:e3iMev
3 3
w hich  e l i m i n a t e s  Me_SiF t o  form th e  c r y s t a l l i n e  compound VJF. NMe.Me5
'J  m-
C i i a r a c t e r i s a t i o n  o f  WF, NMe.MeCN.- nnjl J-'' " - •"ir‘""r‘* r^***  ^ r'““
1) E le m e n ta l  A n a l y s i s . A lthough  ag reem en t b e tw ee n  th e  a n a l y s i s  
e x p e c te d  f o r  WF. NMe.MeCN and t h a t  found e x p e r i m e n t a l l y  i s  
b e t t e r  th a n  f o r  WF^KMe, c o n s i s t e n t l y  low v a l u e s  -were o b ta in e d  
f o r  c a rb o n  and n i t r o g e n  (se e  E x p e r im e n ta l  s e c t i o n ) .  A p o s s i b l e  
e x p l a n a t i o n  f o r  t h i s  i s  t h a t  th e  a d d u c t  d i s s o c i a t e s  o v e r  a 
p e r i o d  o f  t im e ,  r e s u l t i n g  i n  th e  l o s s  o f  MeCN.
2 )  Mas s  S pect rum. The mass sp ec tru m  was r e c o r d e d  a t  v a r io u s
p ro b e  t e m p e r a t u r e s  from 110°C to  250°C. At 110°C o n ly  th e
s p e c tru m  o f  MeCN i s  o b s e rv e d .  No o t h e r  p e a k s  a r e  s e e n  u n t i l
t h e  te m p e r a tu r e  r e a c h e s  230°C when a s p e c tru m  due to  WF^NMe.MeCN
i s  r e c o r d e d .  At t h i s  te m p e ra tu r e  th e  sp e c tru m  o f  YJF^NMe.MeCN
d i f f e r s  from t h a t  o f  WF^UMe i n  t h a t  a d d i t i o n a l  f ra g m e n t  i o n s  .
o f  t h e  WF, NMe e n t i t y  a r e  o b se rv ed  and a  p eak  due t o  th e  t u n g s t e n  
k
i o n  W+ i s  r e c o r d e d .  T ab le  2 . L g iv e s  th e  co m p le te  s p e c t ru m .
The most a b u n d an t  io n  i s  t h a t  due to  CELCN+ w h i le  th e  most5
ab u n d an t  t u n g s t e n  c o n t a i n i n g  i o n  i s  t h e  same a s  w i th  W F,® !.,
WF-NCH*.5 5
3) N.M.R. Spe c t r a . The ad d u c t  WF^NI-'e.MeCN i s  m o d e ra te ly
19_ 1s o l u b l e  i n  b o th  MeCN and CD^CN so a s tu d y  o f  i t s  F and K 
n . m . r .  s p e c t r a  can  be made. T ab le  2 .3  g iv e s  d e t a i l s  o f  th e
— 6 if
TABLE Z . L
Mass Spectrum  o f  NIL Id-lecHeCN
*
m/e A ssignm ent
*
R e l a t i v e  I n t e n s i t y
291 WF. NCIht k  3
28
2?2 WF,NCHi3 3
100
262
JL
kk
2^2 WFgNCH^ 3
2k3 WF*3 33
22k 22
203 ¥F+ 3
186 W+ 2
77 ? 8
VI CH^CN* 130
ko ch2cn+ 100
39 CHCI'T* 3 °
38 CCN* k5
* See  n o t e s i - i i i  i n  T ab le  2 .2
n .m . r *  s p e c t r a  o b ta in e d  u s in g  CD^CN a s  a  s o l v e n t .
S p e c t ru m . T h is  c o n s i s t s  o f  a  s t r o n g  s i n g l e  peak  w i th
s a t e l l i t e s .  The d i s t a n c e  be tw een  t h e s e  s a t e l l i t e s  c o r r e s p o n d s
t o  t h e  t u n g s t e n  f l u o r i n e  c o u p l in g  c o n s t a n t .  The c o u p l in g  a r i s e s
; from  th e  f a c t  t h a t  th e  n u c l e u s ,  w hich  i s  1if% a b u n d a n t ,  has
19a  s p i n  o f  -J and so c o u p l in g  betw een  th e  F n u c le u s  and th e  
n u c l e u s  g iv e s  r i s e  t o  a  d o u b le t .  T a b le  2 .6  l i s t s  
ex am p les  o f  th e  c o u p l in g  c o n s t a n t  found  i n  r e l a t e d
W(VI) f l u o r i n e  compounds. T h is  c o u p l in g  i s  n o t  o b s e rv e d  v.'ith
bBCEj 3*75ppm ^J(H «F) ' 1 .3H z
TABLE 206  
C ompound  ^J  ( F*-W ) Hz
WFg C 97 ]
WFr-OMe k$ C 73 J
3
VJOF, 6if [ 97 ]
k
W0F,.CMeo 6 8 C73]4 e-
WF-Cl 2 3 C 98 ]
3
WF^GX^ (t r a n  s  )  2 0  [ 9 8 ]
WF.HMe.MeCH 36
t h e  t u n g s t e n  n i t r o g e n  d e r i v a t i v e s  d e s c r ib e d  i n  re fe re n c e -  C 8h 1 
• w here o n ly  b r e a d  s i g n a l s  a r e  o b t a i n e d .  I t  can  be s e e n  t h a t  
t i \e  c o u p l in g  c o n s t a n t  J(F~W) i s  l a r g e r  i n  compounds where th e  
t u n g s t e n  atom form s a m u l t i p l e  bond to  a  l i g a n d  com pared w i th  
t h o s e  compounds where o n ly  s i n g l e  bonds a r e  p r e s e n t .  .Apart 
from  t h i s ,  how ever,  t h e r e  i s  no t r e n d  d i s c e r n i b l e  i n  th e  
m a g n itu d e  o f  t h e  c o u p l in g  c o n s t a n t s  m easured  so  f a r .
I t  was th o u g h t  t h a t  any s p l i t t i n g  o f  th e  s i n g l e t  o b se rv e d
. . 19 . 19m  th e  F s p e c tru m  m igh t i n d i c a t e  c o u p l in g  o f  th e  F n u c l e i
t o  t h e  p r o t o n s .  However, no c o u p l in g  i s  o b se rv e d  even  when
t h e  sam ple o f  UF^NMe.MeCN i n  CD^CN i s  c o o le d  t o  ^ -f>0°C w here
i t  s o l i d i f i e s .
19The v a lu e  o f  th e  c h e m ic a l  s h i f t  o b s e rv e d  f o r  th e  F
n u c l e i  I s  c o n s i d e r a b l y  u p f i e l d  from th o s e  r e c o r d e d  f o r  WF  ^ and
19i t s  com plexes  I 97 j  s u g g e s t in g  t h a t  th e  F n u c l e i  a r e  i n  a 
much more s h i e l d e d  e n v i ro n m e n t .
S  S o ec tru m . T h is  was r e c o rd e d  m  Doth MeCN and CD_,CN s o l u t i o n ;  
The s o e c tru m  i n  CP-,CN u s u a l l y  c o n s i s t s  o f  a s h a rp  s i n g l e t  a t  
5 = 2 .1  ppm, due to  MeCN, and a  m u l t i p l e t  c e n t r e d  a t  6 -h«79ppm  
due t o  th e  -NMe g ro u p .  Hov/ever, on some o c c a s io n s  a  b ro ad  
s i g n a l  i s  o b ta in e d  f o r  th e  MeCN g ro u p .  A p o s s i b l e  e x p l a n a t i o n  
f o r  t h i s  b ro a d e n in g  i s  t h a t  MeCN i s  a l t e r n a t i v e l y  c o o r d i n a t i n g  
w i t h  and d i s s o c i a t i n g  from th e  WF^NMe p a r t  o f  th e  m o le c u le  a t  
a  sp e e d  w hich i s  d e t e c t a b l e  on th e  n . m . r .  t im e  s c a l e .  I t  i s  
p o s s i b l e  t h a t  th e  d i s s o c i a t i o n  p ro c e s s  i s  c a t a l y s e d  by t r a c e s  
o f  m o is tu r e  i n  th e  s o l v e n t .  The c h e m ic a l  s h i f t  o b s e rv e d  f o r  
t h e  MeCN (2,0ppm ) i s  a lm o s t  i d e n t i c a l  t o  t h a t  r e c o r d e d  
f o r  t h e  f r e e  MeCN (2.05ppm) £ o9],
The m u l t i p i e t  due to  th e  NMe p r o to n s  when expanded shows 
a  g ro u p  o f  s ev en  peaks in  th e  r a tx o  1 id  :2  : 1 .5  : <?- ‘ 2 : I c a u se d
-  6 ?  -
TABLE 2o7 
K .K .B . S p e c t r a  o f  Some I s o n i t r i l e <
Compound 6CH3 o r  CE? ^ppm) 2J(H-N)Hs
(CH-.)-,CEC 
2 ?
l . k k 3*5
CH_EC5 2 .8 5
2 . 7
PhCH^ECc. A-.2 8 1 .3
by c o u p l in g  o f  th e  p r o to n s  to  b o th  th e  n i t r o g e n  and f l u o r i n e
n u c l e i .  The s i g n a l  can  be s i m p l i f i e d  by d e c o u p l in g  th e  p r o to n
and f l u o r i n e  n u c l e i .  I f  t h i s  i s  done th e  s i g n a l  a p p e a r s  a s  a
1k
1 :1 :1  t r i p l e t  ( s e e  F ig u re  2 . 2 ) .  The n i t r o g e n  n u c l e u s ,  N,
h a s  a  n u c l e a r  s p i n  o f  1 so th e  s i g n a l  c o r r e s p o n d s  to  c o u p l in g
o f  t h e  p r o to n s  t o  !i|'N. The p re s e n c e  o f  th e  n u c l e a r  q u a d ru p o le
moment a s s o c i a t e d  w i th  th e  N n u c le u s  u s u a l l y  r e l a x e s  th e
c o u p l in g  o f  "^N n u c l e i  t o  o th e r  n u c l e i .  C o u p lin g  o f  th e  ty p e
1
J (E -E )  h a s  been  o b se rv ed  i n  th e  H s p e c t r a  o f  some o t h e r
compounds su ch  a s  th o s e  c o n t a i n i n g  th e  ammonium io n  I-IH^  [ 1 0 0 ] ,
am id es  [1013 and d ry  ammonia [ 1 0 2 ] .  The o n ly  lo n g  ra n g e
c o u p l in g  o b se rv ed  u n t i l  now h as  b een  i n  th e  s p e c t r a  o f
some i s o n i t r i l e s , RNC (s e e  T ab le  2 .7 )  [1 0 3 3 .  The f a c t  t h a t
c o u p l in g  i s  o b s e rv e d  v /i th  th e s e  compounds i n d i c a t e s  t h a t  th e
e l e c t r i c  f i e l d  g r a d i e n t  i s  u n u s u a l ly  s m a l l  and t h a t  th e  s p in
“1 /
l a t t i c e  r e l a x a t i o n  tim e o f  th e  n u c le u s  must be com parab le
t o  t h e  c o u p l in g  c o n s t a n t ,  i t  i s  th o u g h t  th a t ,  th e  low e l e c t x i c  
f i e l d  g r a d i e n t  must be due to  th e  a x i a l  symmetry o f  th e  e l e c t r o  
d e n s i t y  n e a r  th e  n i t r o g e n  atom . Thus o b s e r v a t i o n  o f  t h i s  ty p e

^ G ~
2o f  c o u p l in g  J  ( H~h) i n  WF, Nl-le .MeCN i s  an  u n u s u a l  f e a t u r e  o fk
.tiie spec  t r u e *  The s i z e  c f  th e  c o u p l in g  c o n s t a n t  i s  s i m i l a r  to  
t h o s e  o b se rv e d  f o r  th e  i s o n i t r i l e s *  The f a c t  t h a t  th e  c o u p l in g  
i s  o b s e rv e d  s u g g e s t s  t h a t  t h e r e  must be a  s y m m e tr ic a l  e l e c t r i c  
f i e l d  g r a d i e n t  a round  tl ie  n i t r o g e n  atom*
Si I
When th e  N n u c le u s  i s  d eco u p led  from th e  p r o to n s  a  q u i n t e t
i s  o b se rv ed *  T h is  c o r r e s p o n d s  to  c o u p l in g  o f  th e  p r o t o n s  t o  
19t h e  f o u r  F n u c l e i* .
Thus th e  n . m . r .  s p e c t r a  o f  WF^NMe.MeCN p ro v id e  e v id e n c e  
t h a t  th e  compound h as  th e  f o l l o w i n g  monomeric s t r u c t u r e  i n  
s o l u t i o n : -
Me
I
N
F ^  ||
N
C
I
Me
19The e x i s t e n c e  o f  o n ly  one s i g n a l  f o r  th e  F n u c l e i  and  t h e i r
O7  ^Q
c o u p l i n g  t o  s u g g e s t s  t h a t  th e  f o u r  F n u c l e i  a r e  e q u i v a l e n t *
T h i s  means t h a t  th e  -NMe group  and MeCN a r e  t r a n s  t o  one a n o t h e r .
If) I n f r a r e d  S pec trum * S in ce  pure  sam ples  o f  WF^HMe.MeCN 
c o u l d  be o b ta in e d  i t s  i n f r a r e d  sp ec tru m  was s t u d i e d  i n  more 
d e t a i l  th a n  t h a t  o f  WF. NMe. To h e lp  w i th  t h e  a s s ig n m e n t  o f  th e  
s p e c t ru m  a  sample o f  WF^NMe.CD^CN was p r e p a r e d .  I t  can  be 
s y n t h e s i s e d  i n  two w a y s :-
WFjJNMe.MeCN + xs  CD^CN WF^KMe.CD-CN -i- MeCU (8)
(Me^Si^NMe + WF ^  —> VJF^ TJMe .CD^CN + 2Me^SiF (9)
When VJF IvMe.CD^CN i s  p re p a re d  a s  i n  e q u a t io n  (8 )  i t s  i n f r a r e d  
s p e c t ru m  shows no peaks  a t t r i b u t a b l e  t o  MeCN e i t h e r  f r e e  o r
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c c O i  u i n £ n . 0 u  u - i i d i c a  c i n g  t h a t  c o m p l o * c © e x c h a n g e  D o t w c e n  i - .eCu q r u
C P ,  Cl* t a k e s  p l a c e *  H o w e v e r ,  t h e  s a m p l e s  o f  XJF, N K e . C D - O N  w h i c h  J L h; y
w ere u s e d  i n  th e  s tu d y  o f  i t s  i n f r a r e d  spec  t  nun v/cre c u t  a i r e d
a c c o r d i n g  to  e q u a t io n  (9) s in c e  t h i s  method o f  p r e p a r a t i o n
e l i m i n a t e s  th e  p o s s i b i l i t y  o f  c o n ta m in a t io n  by KeCN.
■ T a b le  2 .8  g iv e s  d e t a i l s  o f  th e  o b s e rv e d  s p e c t r a *  The
a s s ig n m e n ts  a r e  made by com parison  o f  th e  s p e c t r a  v / i th  th o s e
o f  f r e e  KeCH, CD-,CN [10if] and c o o r d in a t e d  KeCN [1053 •
T h ere  a r e  f a i r l y  l a r g e  s h i f t s  i n  th e  f r e q u e n c y  o f  th e
b an d s  observed, i n  th e  sp ec tru m  of V/F^K'He.MeCN compared w i th
th o s e  f o r  WF^SMe s u g g e s t in g  t h a t  th e  c o o r d i n a t i o n  o f  KeCN to
V/F KMe in v o l v e s  a s t r u c t u r a l  change* A s i g n i f i c a n t  d i f f e r e n c e  M-
b e tv jeen  t h e  s p e c t r a  o f  WF^NKe and WF^ NTMe*MeCN i s  th e  a b se n c e  o f
-1th e  b ro a d  band a t  5^-0 -5 1 0  cm. i n  th e  sp e c tru m  o f  th e  c o o r d in a t e d  
m o l e c u l e .  Because o f  t h i s  i t  was a s s ig n e d  a s  a b r i d g i n g  L7-F 
s t r e t c h i n g  mode i n  WF^KKe. There i s  a  s h i f t  t o  h ig h e r  f r e q u e n c y  
o f  ^h-0 cm. i n  th e  C=R s t r e t c h i n g  f re q u e n c y  o f  WF^KMe.heCN 
com pared  w i th  t h a t  o f  f r e e  MeCN. T h is  i s  c h a r a c t e r i s t i c  o f  
n i t r i l e s  w hich  a r e  c o o r d in a te d  v i a  th e  n i t r o g e n  atom a l th o u g h  
s t u d i e s  w-ith o th e r  donor m o le c u le s  m igh t have l e d  one t o  
e x p e c t  a  s h i f t  i n  th e  o p p o s i te  d i r e c t i o n .  T h is  a p p a r e n t l y  
anom alous  s h i f t  i n  f re q u e n c y  has  been  d i s c u s s e d  many t im e s  
b e f o r e  [ 1 0 6 ,1 0 7 ] .  P u r c e l l  and Drago co n c lu d e d  t h a t  th e  i n c r e a s e  
i n  t h e  f r e q u e n c y  o f  v(C=lO upon c o o r d i n a t i o n  must be due to  
an  i n c r e a s e  i n  th e  C=K f o rc e  c o n s t a n t .  P u r c e l l  f u r t h e r  went 
on t o  p ro p o se  [108] t h a t  a l l  n i t r i l e s  c o o r d in a t e d  to  Lewis 
a c i d s  show t h i s  i n c r e a s e  i n  fo r c e  c o n s t a n t  due to  a  s t r e n g t h e n i n g  
o f  t h e  cr bond ing  between ca rb o n  and n i t r o g e n .  He s u g g e s te d  t h a t  
i n  a d d i t i o n  t o  i t s  fs '  c h a r a c t e r  th e  n i t r o g e n  lo n e  p a i r  o r b i t a l
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I n f r a r e d  S p e c t r a  c f
TABLE 2«8 
W ,. NK& «He CI< and WF, KKe *Cj y  it•t 4
XvT^ HI‘Ie.MeCN(cm“ 1) WF^EKe *CD_CN (cm*1 ) A ss ig n m en ts
3010  El v(C-H) i n  KeCIT
2980  vw
29^-3 m
2930 s h 2930  w
2 8 3 8  w 2838  w v(C-H) i n  -ITCH- A
2 3 2 0  m c o m b in a t io n
2318  m v(C«I'T)
2293 IT
2262  w v(C-D)
1^10 w 14-15 w
1337 s 1334- B 6 (CH,) i n  -ITCH.. 3 A
1038  m 1028  m v(C-I'T) o r  v(W=N) o r
v(C-L-W)
1025  wssh 836  m f>(CH~) and f (C D -)
9 k7  m v (C -C )in  MeCN
720 w 720  w
701 w 700 w
638  m 638  m v(W-'F) t e r m in a l
6 3 0 - 6 0 0 . s 6 3 0 -6 0 0  s i t
T h ese  s p e c t r a  w ere re co r d e d  in  th e  s o l i d  p h ase  u s in g  b o th  
n u j o l  and f lu c r o lu b e  a s  m u llin g  a g e n ts*
7 2  -
/p /, p r  p  p <
v (M-F) i n  I-IF- (cm j1 ) v(iC-F) i n  I ' : \  , ’1CN (c::"U: J
J«jF5 71+6 NbF-.MeCN 5 710
TaF5 7 5 7 TaFc «MeCN 712
KoF5 763 MoF_.MeCN 703
a c q u i r e s  an  amount, o f  *p5 c h a r a c t e r  011 c o o r d i n a t i o n  v'liich
means an  i n c r e a s i n g  amount o f  ' s ’ c h a r a c t e r  i n  th e  C=N bond
r e s u l t i n g  i n  an  i n c r e a s e d  f o r c e  c o n s t a n t .
The s t r o n g  band i n  th e  so ec tru m  o f  WF. KKe.MeCN a t  
—16 o0~ 600  cm. i s  a s s ig n e d  to  m e ta l  f l u o r i n e  s t r e t c h i n g  v i b r a t i o n s .
-1T h i s  i s  a  d e c r e a s e  o f  <v30 cm. from v. . (VJ-F) WF.KMe.t e r m i n a l '  h
A s i m i l a r  d e c r e a s e  i n  th e  v i b r a t i o n a l  f r e q u e n c y  o f  t e r m i n a l
m e ta l  f l u o r i n e  bonds has  been o b se rv ed  w i th  some t r a n s i t i o n -
m e t a l  p e n t a f l u o r i d e s  and t h e i r  comjjlexes L 96 ] ( s e e  T ab le  2 . 9 ) ,
w here  th e  c o o r d i n a t i o n  number o f  th e  c e n t r a l  m e ta l  atom a l s o  d id
n o t  change  on a d d u c t  f o rm a t io n .
The a s s ig n m e n t  o f  a  m e ta l  n i t r o g e n  s t r e t c h i n g  f r e q u e n c y
i s  more d i f f i c u l t  i n  th e  s p e c t r a  o f  WF^NKe.MeCN and WF^NMe.CD^CN
t h a n  w i th  th e  u n c o o rd in a te d  m o lecu le  WF^NMe. T here  a r e  no
—1b an d s  d i r e c t l y  com parab le  to  t h a t  a t  890 cm. i n  WF I^*Me 
w h ich  was t e n t a t i v e l y  a s s ig n e d  to  v(W=N). The ca rb o n  n i t r o g e n  
s t r e t c h i n g  f re q u e n c y  i n  a l i p h a t i c  am ines  i s  s a i d  t o  o c c u r  i n  th e  
r a n g e  1230-1030 cm71 [1091- T h e r e f o r e ,  th e  bands o c c u r r i n g  
a t  1038 and 1028 cm71 i n  WF^KMe .KeCN and WF^KKe.CD^CK r e s p c c t i v e l y  
may be due to  v(W-N) o r  v(C-K ). However, i t  i s  l i k e l y  t h a t  s i i ;c e  
t h e s e  two v i b r a t i o n s  a r e  ex p e c te d  t o  have s i m i l a r  e n e r g i c o
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c o u p l m g  of t h e  v i b r a t i o n s  o c c u r s  and th e  p e a k s  may cor.re  spend
t o  v ( C ~ l k N ) .
P r e p a r a t i o n  o f  WFJKMe.py. I n  an a t t e m p t  t o  r e p l a c e  th e  KeCN
i n  WF^NKe.MeCN by a n o th e r  l i g a n d  th e  f o l l o w i n g  r e a c t i o n s
w ere  c a r r i e d  o u t : -
WF^NMe.KeCN + xsC^H^N (py) —> WF^NMe.py + KeCN
WF  ^ + (Me_Si)„KMe 22J, ' WF,NMe.py + 2He JSiFu y 2 k  p
The r e a c t i o n s  ta k e  p la c e  im m e d ia te ly  on a l l o w in g  th e  m ix tu r e s  
t o  warm to  room t e m p e r a t u r e .  On rem ova l o f  t h e  v o l a t i l e  
p r o d u c t s  and e x c e s s  s o lv e n t  a  b la c k  c r y s t a l l i n e  compound i s  
o b t a in e d  i n  e a c h  c a s e .  The s o l i d  o b ta in e d  from r e a c t i o n  (11) 
a n a l y s e s  a s  UF^NCB^,. C,-H^N ( w r i t t e n  a s  WF^NMe• p y )« 
C h a r a c t e r i s a t i o n  o f  KT^ HMe.py.
^  Mass S p e c tru m . T h is  was r e c o rd e d  a t  a  p robe  t e m p e r a tu r e  
oo f  110 C* The com ple te  spec trum  i s  g iv e n  i n  T ab le  2 . 1 0 .  The 
m ost s i g n i f i c a n t  f e a t u r e  o f  th e  sp ec tru m  i s  t h e  a p p e a ra n c e  o f  
a  p eak  c o r r e s p o n d in g  to  th e  io n  WF^KOIK„ C ^ H „N m  c o n t r a s t  
t o  t h e  sp ec tru m  o f  WF^NKe.MeCN where a  m o le c u la r  io n  i s  n o t  
o b s e r v e d .  CLH-N h as  b een  -shown to  form s t r o n g e r  com plexes  w i th
5 3
m e t a l s  i n  h ig h - o x i d a t i o n  s t a t e s  th a n  KeCN [ 1 1 0 ] ,  and th e  o b s e r v a t
o f  t h e  io n  WF, NCH^.Cr.E_N+ i s  a t t r i b u t e d  to  t h i s .  The d i f f e r e n c e  
k- 2 5 5
I n  t h e  s p e c t r a  o f  WF^NMe.MeCK and WF^NMe.py i s  n o t  a c c o u n te d
f o r  by a d i f f e r e n c e  i n  th e  te m p e r a tu r e s  a t  w hich th e y  were
r e c o r d e d  s in c e  a t t e m p t s  t o  r e c o r d  th e  sp e c tru m  o f  WF^l&ie.HcCN
a t  a  p robe  te m p e r a tu r e  o f  ^110°C p roduced  o n ly  th e  sp ec tru m  o f
MeCN. The t u n g s t e n  c o n t a in in g  f ragm en t i o n s  o b se rv e d  i n  th e
s p e c t ru m  o f  WF^NMe.py a r e  s i m i l a r  t o  th o s e  o b ta in e d  f o r
WF KKe and WF NMe.MeCN i n d i c a t i n g  a  s i m i l a r  breakdown p a t t e r n ,  
if k
The m ost i n t e n s e  peak  i n  a l l  uhese  s p e c t r a  v. a p a r t  n'c.;i i.hccc-
TABLE 2 .1 0
H ass Spectrum  o f  WF, If tle .py .—  .... .................... a.—---,.
*
m /e A ssignm ent
*
R e la t iv e  I n t e n s i t y
370 WF. NCH-j .Cc Hc:W+ 
k  3 3 3 27
331 WF., NC H-.C _ H_IT+ 3 2  3 3
100
3A-1 WF.*C-HcN+ 
k  . 5  5
72
322 WF-.Cr-IL.N'*'' 
3 3 3
10
321 WF_ «CcH. N+ 
3 3 ^
20
272 w f.n c h *  
3 3 93
262 w *
k
82
2^3 WF*3
66
2 2 ij- WF* 66
93 100
79 C-Hr-W’1*5 3
230
78 CeH, N+ 5 4-
100
32
4.
W  .
200
51 C, H* 
k  3
130
30 °i|.H2 100
if4 ? 80
38 C3H2 60
* See notes i-iii in Table 2.2
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TABLE 2 .11
NcM.R. S p ectra  o f  IvT. KKe^py
19-.
E
F
H
+36.6ppni 
^ •7 3 ppm
^ •93  „ 
8.1
- M e
> p y r i d i n e
due t o  th e  l i g a n d s )  c o r re s p o n d s  to  th e  l o s s  o f  one f l u o r i n e  
atom  from th e  m o le c u la r  i o n .
2 )  N.M.R. S p e c t r a . D e t a i l s  o f  th e  s p e c t r a  a r e  p r e s e n t e d  i n
T a b le  2 .1 1 .
19 F S p ec tru m . T h is  c o n s i s t s  o f  a  s i n g l e t  w i th  no r e s o l v a b l e  
f i n e  s t r u c t u r e .  I t  was e x p e c te d  t h a t  s a t e l l i t e s  due to  c o u p l in g
19b e t w e e n ' t h e  F and 183W'! n u c l e i  would be o b s e rv e d  a s  w i th
WF. NMe.MeCN. The f a c t  t h a t  th e s e  a d d i t i o n a l  p eak s  were n o t  
k  ■ *
r e c o r d e d  i s  p o s s i b l y  due t o  th e  sp ec tru m  b e in g  r e c o r d e d  on 
s o l u t i o n s  o f  i n s u f f i c i e n t  c o n c e n t r a t i o n .
H S p e c t r u m .  A s tu d y  o f  t h i s  sp ec tru m  shov;s t h a t  th e  m o lecu le
c o n t a i n s  p y r id i n e  and an - M e  group  i n  a 1 :1  r a t i o .  The - M e  
s i g n a l  a t  6 = A-«73ppm i s  b road  w i th  some f i n e  s t r u c t u r e  v i s i b l e  
b u t  due t o  l a c k  o f  t im e  no a t te m p t  was made t o  s i m p l i f y  th e  
s i g n a l  i n  a  manner s i m i l a r  to  t h a t  a c h ie v e d  f o r  VTF^KKe.MeCN.
A p ar t  from t h a t  o f  [Re(NKe}Cl_ ( P E t P h ^ ^ ] , t h e   ^E s p e c t r a  
w h ich  have been  p u b l i s h e d  f o r  compounds c o n t a i n i n g  F-W-2T o r  
M=R l i n k a g e s  (M = t r a n s i t i o n - m e t a l )  a r e  a l l  f o r  compounds where 
t h e  a l k y l  g roup  i s  e t h y l  o r  a h ig h e r  a l k y l .  Thus co m p ar iso n
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TABLE 2 .1 2
Compound 6CE2PPn 6CH,ep=!3
VJF-NEt-3 C. 3 . 7 1 .1 [ 8h ]
CP.e ( NMe ) C l^  ( PEtPh2 ) 0 .8 [ 89 ]
C H -C H .,= T a (N E O , 3 —<£ ^ 3 A.Oij-
i—
i
coCOt_j
b e tw e e n  th e  c h e m ic a l  s h i f t s  o b se rv ed  h e re  f o r  th e  m e th y l  p r o to n s  
and  th o s e  found  f o r  a n a lo g o u s  compounds i s  d i f f i c u l t *  However, 
an  e s t i m a t e  o f  th e  l i k e l y  ch em ica l  s h i f t  o f  th e  -KMe g roup  
can  be  made* T able  2 .1 2  g iv e s  d e t a i l s  o f  a n a lo g o u s  compounds.
N o rm a lly  m e thy lene  p ro to n s  a r e  s h i f t e d  ^O .pppm  d o w n f ie ld  from 
T .M .8 .  com pared w i th  m e thy l p ro to n s  i n  a  s i m i l a r  e l e c t r o n i c  
e n v i ro n m e n t  [ 1 1 1 ] .  Thus one m ight e x p e c t  t h e  m e th y l  p r o to n s  
i n  WF.KKe.MeCN o r  WF. NMe.py to  have a  c h e m ic a l  s h i f t  o f  a b o u ta. £}-
h .^ p p m . The f a c t  t h a t  i t  i s  found a t  A»73ppni i n  WF^lIMe.py and 
5©73ppn i n  WFj.NMe.MeCN i s  i n d i c a t i v e  o f  th e  e l e c t r o n e g a t i v i t y  
o f  t h e  f l u o r i n e  atom s which re d u c e  th e  e l e c t r o n  d e n s i t y  a ro u n d  
t h e  m e th y l  g ro u p .  The d i f f e r e n c e  i n  c h e m ic a l  s h i f t  o f  Ippm 
b e tw e e n  th e  a c e t o n i t r i l e  and p y r id i n e  com plexes  i s  a c c o u n te d  
f o r  by  th e  g r e a t e r  e l e c t r o n  d o n a t in g  power o f  p y r i d i n e  a s  
com pared  to  a c e t o n i t r i l e ©
3) Infrared Spectrum. To aid the assignment of bands in
t h e  i n f r a r e d  spec trum  o f  WF^HMe.py th e  compound v / i th  che d e u o e ra te u
l i g a n d  was u r e p a r e d 'a s  i n  e q u a t io n  ( 1 2 ) : -
Cj-IhN
WF^ + (Me_Si)2NKe ^ -5  VJF^KKe ©C,-D,-N + 2Kc^SiF ( 1 2 )
The c o m p le te  s p e c t r a  o f  b o th  WF^KMe.py and W F jN H o.C ^N  a r e  d e t a i l e d  
i n  T a b le  2 .1 3 .
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I n f r a r e d  S p e c t r a
TABLE 2 .1 3
and VJF, :2 le.C B N
j
WF KMe .pyCcm."*1 ) 
4 WF. NMe.C-Dcl'TCcm»”^) 4 5 ? A ss ig n m en ts
3 0 8 0 br?v? v(C-H) i n  p y r id i n e
2 9 6 0 br?w v(C-H) i n  -NMe
1615 m 1575 m i n - p l a n e  r i n g
d e f o r m a t io n s
1490 w 1 4 2 0 b'r,w 11
1452 m u
1350 w I!
1 3 2 0 m 1325 m
1224 w 6 ( G-H) i n - p l a n e
1158 m »«
1 0 7 0 m
1017 m 1025-1013 br,w v(W=N) or v (G-1MM) a s
9 8 0 m
*
6(C~H) o u t - o f - p l a n e
956 br,m 9 6 0 sh,w n
8 9 8 br,m 8 9 8 w i t
8 3O m t i
7 6 0 br9m 740-720 w i»
: 688 m
6 5 3 m 651 ia v(W-F) t e r m i n a l .
6 0 0 br,s 6 0 0 br,s
i t
536 m
T h ese  s p e c t r a  were re c o rd e d  i n  th e  s o l i d  phase  u s in g  b o th  
n u j o l  and f l u o r o l u b e  a s  m u l l in g  a g e n t s .
H c o r r e s p o n d s  t o  e i t h e r  . H i n  o r  D i n  C^D^N.
-  / o  ~
The i n f r a r e d  sp ec tru m  o f  th e  p y r i d i n e  m o le c u le  i s
• c o n s i d e r a b ly  m o d if ie d  on c o o r d i n a t i o n .  D e t a i l e d  s t u d i e s  have
se e n  made o£ th e  spec trum  o f  p y r id i n e  [112] and o f  i t s  m e ta l
co m p lex es  [113*11 if-]. A ssignm ents  made i n  th e s e  s t u d i e s  have
b een  u s e d  h e re  to  i d e n t i f y  th e  bands  due to  p y r i d i n e  and d e u t e r i c ~
p y r i d i n e .  T h is  means t h a t  th e  bands due t o  th e  V7F. NMe p a r t
k
o f  t h e  com plex can  be i d e n t i f i e d  and any change  i n  t h e i r
f r e q u e n c i e s  from th o s e  i n  WF, KMe.MeCN can  be o b s e r v e d .
k
T here  i s  a  s m a l l  d e c re a s e  i n  th e  WF  ^ s t r e t c h i n g  f r e q u e n c i e s
on g o in g  from th e  a c e t o n i t r i l e  ad d u c t  to  th e  p y r i d i n e  a d d u c t .
The o t h e r  bands c o r re s p o n d in g  to  th e  VJF^ KMe p a r t  o f  th e  com plex
a r e  s i m i l a r  to  th o s e  found i n  th e  a c e t o n i t r i l e  a d d u c t .
~1C o n s e q u e n t ly  th e  bands ob se rv ed  a t  101? and 102p cm. i n  th e
p y r i d i n e  and d e u t e r i o p y r i d i n e  a d d u c ts  r e s p e c t i v e l y  a r e  t e n t a t i v e l y
a s s i g n e d  a s  v(W=N) o r  more l i k e l y  v (C-I?=W). A more d e f i n i t ea s
a s s ig n m e n t  c an n o t be made i n  view o f  th e  o c c u r r e n c e  i n  t h i s  
r e g i o n  o f  p y r id i n e  bands which may p o s s i b l y  o b sc u re  any bands  
due t o  th e  M--.1T v i b r a t i o n .
D i s c u s s i o n  o f  R e a c t io n  Mechanisms f o r  th e  F o rm a t io n  o f  VJF^ NMe, 
WF, KMe .MeCN and WF.NKe.py.
1) WF FMe. The good a c c e p to r  p r o p e r t i e s  o f  WFg i l l u s t r a t e d
■Zj.
by t h e  fo rm a t io n  o f  com plexes betw een i t  and N—do n o rs  C 97 3 
s u g g e s t  t h a t  a  r e a c t i o n  betw een WF^ and (Me-^Si^NMe i s  l i k e l y  
t o  p ro c e e d  v i a  a  seven  c o o r d in a te  i n t e r m e d i a t e  o f  th e  ty p e
Me,Si
Me -— yNl——)WF^ (i )rAe- i
M e,S i/
( i )  c a n  th e n  e l im i n a t e  Me^SiF w i th  th e  f o rm a t io n  o f  th e  s t r o n g  
S i - F  bond a c t i n g  a s  a d r i v i n g  f o r c e  f o r  rh e  r e a c t i o n .  A p ro c e c
z ype would l e a d  to  th e  fo rm a t io n  o f  K C*- "* TP ->
e l i r i m a r i n g  a n o t h e r  m olecu le  o f  M e-Sir '.
P
f o r  an  r n t e r m o l e c u l a r  re a r r a n g e m e n t  i s :
p o s s i b l e  r;cc
Me Me
•F
■F
Me Me
F o r  c o n v e n ie n c e  t h i s  mechanism h as  been  i l l u s t r a t e d  u s i n g  o n ly  
two m o le c u le s  b u t  more may be in v o lv ed *  A re a r r a n g e m e n t  o f  
t h e  ty p e  d e s c r i b e d  co u ld  a l s o  l e a d  to  th e  f o r m a t io n  o f  a n i t r o g e n -  
b r i d g e d  po lym er b u t  a  f l u o r i n e - b r i d g e d  s p e c i e s  seems th e  more 
l i k e l y  from i n f r a r e d  e v id e n c e .
The r e a c t i o n  betw een WFg and (Me^Si^NMe i s  v e ry  s3.ow, 
much s lo w e r  t h a n ,  f o r  exam ple, t h a t  betw een WF^ and K e -S iK T ^  
w h ich  goes  t o  c o m p le t io n  w i th in  30 m in u te s .  T here  a r e  t h r e e  
s t a g e s  i n  th e  s u g g e s te d  p ro c e s s  w hich c o u ld  d e te rm in e  th e  
r a t e  o f  r e a c t i o n : -
i )  The n u c l e o p h i l i c  a t t a c k  on tu n g s t e n  by th e  n i t r o g e n  
lo n e  p a i r  o f  e l e c t r o n s *
i i )  The d e c o m p o s i t io n  o f  th e  ad d u c t  (Me^Si^NMe.WF^ w i th
e l i m i n a t i o n  o f  Me_SiF.
P
i i i )  The i n t r a m o l e c u l a r  r e a r ra n g e m e n t  o f  WF^NKeSiMe^.
S in c e  no ev id e n c e  i s  found f o r  th e  e x i s t e n c e  o f  UF^KHeSiKe^
i f  i t  i s  form ed i t  must r e a r r a n g e  q u ic k ly  i n d i c a t i n g  t h a t  (iii)
i s  a  f a s t  p r o c e s s .  Complexes o f  WFg p r e v i o u s l y  p r e p a r e d  have
1°b e e n  found  t o  be r e a c t i v e  s p e c i e s  L 97 -i» and th e  F c h e m ic a l  
s h i f t  o f  th e  VJFg has  been  found to  change on c o o r d i n a t i o n  
(by  3-30npm d ep en d in g  on th e  s o lv e n t  u seo .) .  T h e r e f o r e ,  ix  th e
d e c o m p o s i t io n  o f  th e  s p e c ie s  (ke_S i^hoe .V JF^ th e  r a t e
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d e x e r a i n i n g  s t e p  i n  th e  r e a c t i o n ,  w hich  seems u n l i k e l y ,  i t
£hou_i.a be p o s s i o l e  t o  d e t e c t  i t s  p r e s e n c e  i n  th e  r e a c t i o n  m ix tu re
•by u.«-mePc s p e e x ro s c o p y * (Me^Si^NMe if» a p o o re r  n u c l e o p h i l e
t h a n  C^Kj-H, Me^N o r  Me^SiMEt^ a l l  o f  w hich r e a c t  q u i c k l y  w i th
T h i s  i s  b e ca u se  th e  lo n e  p a i r  o f  e l e c t r o n s  on th e  n i t r o g e n
atom- i n  (M e^Si)2NMe t a k e s  p a r t  i n  (p -d )  Tt-fconding be tw een  th e
n i t r o g e n  and s i l i c o n  atoms and i t  has  been  found  t h a t  th e
e x t e n t  o f  t h i s  bond ing  i n c r e a s e s  w i th  th e  number o f  s i l i c o n  atom s
bound t o  n i t r o g e n  L i153- Because o f  t h i s  i t  seems l i k e l y
t h a t  t h e  r a t e  d e te rm in in g  s t e p  i n  th e  r e a c t i o n  be tw een  WFg
and (Me^Si).pRMe i s  s ta g e  ( i ) ,  th e  n u c l e o p k i l i c  a t t a c k  o f  th e
n i t r o g e n  atom on t u n g s t e n ,
kTYNMe.KeCN and WF^IMe .py  .  The r e a c t i o n  be tw een  WFg and
(M e^SiJ^M ie t a k e s  p la c e  im m ed ia te ly  i n  th e  p r e s e n c e  o f  e i t h e r
MeCN o r  C^H^N w hich s u g g e s t s  t h a t  th e  s o l v e n t s  a r e  co n c e rn e d
i n  t h e  r a t e  d e te rm in in g  s t e p  o f  th e  r e a c t i o n  i n  su ch  a  way t h a t
t h e y  sp e e d  i t  up c o n s id e r a b ly .  VJFg i s  known t o  be monomeric i n
t h e  l i q u i d  p hase  [ 1 1 6 ] so th e  s o lv e n t  i s  n o t  b r e a k i n g  up a
p o ly m e r ic  s t r u c t u r e .  In  th e  r e a c t i o n  be tw een  VJF^  and (Me^Si)pKKe
some e v id e n c e  was found f o r  th e  e x i s t e n c e  o f  an  i n t e r m e d i a t e
s u c h  a s  hThNMeSiMe., (see  R e s u l t s  s e c t i o n ) .  The use  o f  MeCN a s
a  s o l v e n t  and th e  mechanism o f  r e a c t i o n  o f  donor  s o l v e n t s  i n
g e n e r a l  have been  rev iew ed  s e v e r a l  t im e s  C11611 1 7 i 1 1 S ] .  From
t h e s e  d i s c u s s i o n s  i t  seems l i k e l y  t h a t  th e  f i r s t  s t a g e  i n  th e
r e a c t i o n  be tw een  l^ g / (M e ^ S i )2NMe/KeCN w i l l  be th e  f o r m a t io n  o f
a n  a d d u c t  VJF^.MeCN which can  r e a c t  more e a s i l y  w i th  (M e^Si)?HMe a j
t h a n  c a n  WF^. T h is  co u ld  be b e c a u s e : -
i )  The geom etry  o f  th e  seven  c o o r d in a te  a d d u c t  i s  more
s u i t a b l e  f o r  th e  app roach  o f  th e  lo n e  p a i r  o f  e l e c t r o n s  on th e  
n i t r o g e n  a tom .
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i i )  The f l u o r i n e  atoms hecome more l a b i l e  cm c o o r d i n a t i o n
th u s  f a c i l i t a t i n g  th e  fo rm a t io n  o f  I'e s 4F .
3
Reac t i o n 5 o f  bF^Hic .HeCN. A p r e l i m i n a r y  i n v e s t i g a t i o n  was
made o f  th e  c h e m ic a l  r e a c t i o n s  o f  WF. KMe.MeCN w i th  a view  to
A
s u b s t i t u t i n g  th e  f l u o r i n e  atoms by o th e r  g ro u p s .
A) h e a c t i o n  o f  WF, KMe.MeCN w i th  T r i m e t h v l c h l o r o s i l a n e » No
........................................................ ................................q .„ — — -  .....................- • .......................... .................— — , ,  ------------------------- — -----------
r e a c t i o n  o c c u r s  betw een e x c e ss  Me^SiCl and WF, Me.MeCN i n3 4
th e  a b s e n c e  o f  a s o l v e n t .  However, th e  a d d i t i o n  o f  I^eCN to
a  r e a c t i o n  m ix tu re  c o n t a in in g  Me^SiCl and t.T^Niie.MeCN p ro d u c e s
a  d a r k  r e d  s o l u t i o n  from which a brown c r y s t a l l i n e  s o l i d ,  ’A ' ,
c a n  be i s o l a t e d .  Me^SiF i s  i d e n t i f i e d  a s  a  v o l a t i l e  -product3
so  r e p la c e m e n t  o f  f l u o r i n e  by c h l o r i n e  i s  th o u g h t  t o  have t a k e n  
p l a c e .
WF.KMe.KeCN + xsM e,S iC l »A» + Ik u S iFk 3 A
C h a r a c t e r i s a t i o n  o f  Brown C r y s t a l l i n e  S o l i d ,  'A*.
^  Mass S p ec tru m . T h is  vras r e c o rd e d  a t  90°C and d e t a i l s  o f  
th e  s p e c tru m  a r e  g iv e n  i n  th e  E x p e r im e n ta l  s e c t i o n .  A com plex 
p a t t e r n  i s  o b se rv e d  f o r  th e  h ig h e s t  s e t  o f  p eak s  i n  t h e  sp ec tru m . 
T h i s  a r i s e s  from th e  f a c t  t h a t ,  a s  w e l l  a s  o b s e r v in g  th e  p a t te rn -  
due t o  t h e  f o u r  i s o t o p e s  o f  t u n g s t e n ,  t h e r e  i s  su p er im p o sed  
on t h i s  a  p a t t e r n  due to  th e  two n a t u r a l l y  o c c u r r i n g  i s o t o p e s  
o f  c h l o r i n e ,  W C1 and C l .  T h is  makes a s s ig n m e n t  o f  t h e  s e t  
o f  p e a k s  unam biguous. They c o r re s p o n d  to  WCl^NCHy  Even though  
t h e s e  a r e  th e  s t r o n g e s t  peaks due to  t u n g s t e n  c o n t a i n i n g  io n s  
i n  t h e  sp e c tru m  th e y  a re  n o t  v e ry  s t r o n g  and i t  i s  p o s s i b l e  t h a t  
a  s e t  o f  p eak s  c o r re s p o n d in g  to  UCl^ITCH* c o u ld  be o b se rv ed  i f  a  
s p e c t ru m  were r e c o rd e d  a t  an even lo w er  t e m p e r a tu r e  o r  a s m a l l e r  
i o n i s i n g  v o l t a g e .  The fragm ent io n s  o b se rv e d  a r e  o f  a  s i m i l a r
co th o s e  ob se rv ed  f o r  V7F^ NI!e c o r r e s p o n d in g  to  l o s s  o f  
t i e  —Iw-jC g roup  and s u c c e s s iv e  l o s s  o f  ch lo?rine  a to m s .
-^ n - r a r e c *- S p ec tru m ., T h is  was r e c o r d e d  o v e r  t h e  ra n g e  
AGOO-250 cm* and th e  com ple te  sp ec tru m  i s  g iv e n  i n  t h e  E x p e r iu  
s e c t i o n .  I t  i s  a s im p le  spec trum  s i m i l a r  i n  p a t t e r n  to  t h a t  
r e c o r d e d  f o r  WF^NMe.MeCN. I t  c o n f i rm s  t h a t  MeCN i s  s t i l l  
c o o r d i n a t e d  t o  th e  tu n g s te n  atom i n  ’A’ b u t  a  s i g n i f i c a n t  d i f f e  
b e tw e e n  i t s  sp ec tru m  and t h a t  o f  !vF, i'lle.MeCN i s  th e  ab se n c e  
o f  t h e  b ro a d  band a t  ^ 6 0 0  cm. which was a s s ig n e d  to  t u n g s t e n  
f l u o r i n e  s t r e t c h i n g  f r e q u e n c i e s  i n  WF^JNKe.M-eCK. T h is  i s  
r e p l a c e d  i n  t h e  spec trum  o f  !A’ by a  v e ry  s t r o n g  p eak  a t  335 cm 
which, i s  a s s ig n e d  to  tu n g s te n  c h l o r i n e  s t r e t c h i n g  modes by 
c o m p a r is o n  w i th  th e  s p e c t r a  o f  WClg and WF^Cl
3) N.M.H. S p e c t r a .
H S p e c t ru m .  T h is  was re c o rd e d  i n  a  s o l u t i o n  o f  CD..CN. i t   —— 3
c o n s i s t s  o f  two b ro ad  u n re s o lv e d  peaks  o f  e q u a l  i n t e n s i t y  w hich 
from  t h e i r  c h em ica l  s h i f t s  o f  6 = 1«9 and 6.8ppm a r e  a s s ig n e d  
t o  MeCN and -NMe p r o to n s  r e s p e c t i v e l y .  The c h e m ic a l  s h i f t  
o b s e rv e d  f o r  th e  - M e  p ro to n s  i s  d o w n f ie ld  from t h a t  r e c o rd e d  
f o r  t h e  -KMe p ro to n s  i n  WF^NMe .I-leCN (6 = 3 * 75PPE1) • T h is  i s  
c o n s i s t e n t  w i th  th e  red u ced  e l e c t r o n e g a t i v i t y  o f  c h l o r i n e  
com pared  w i th  f l u o r i n e  i n  t h a t  th e  c h l o r i n e  atom s w i l l  n o t  
a t t r a c t  t h e  lo n e  p a i r  on th e  n i t r o g e n  atom a s  much a s  th e  
f l u o r i n e  atom s l e a v i n g  a g r e a t e r  e l e c t r o n  d e n s i t y  a ro u n d  th e
-NMe p r o t o n s .
S p e c t ru m . None was observed  a s  e x p e c te d .
^  Summary;. Unfortunately an insufficient quantity of 
material was obtained to enable an elemento.l analysis of the 
compound to be carried out and time did not permit xurtker
soudy o f  Uie compound, b u t  from th e  in f o r m a t io n  a v a i l a b l e  i t  
seem s l i k e l y  t h a t  th e  p ro d u c t  o f  r e a c t i o n  ( 1 3 ) 2 *- e i t h e r
*KeCK o r  WC1. NMe*KeCN• ih e  f a c t  t h a t  a l l  th e  f l u o r i n e*T
a tom s m  VvF^ktie•MeCK a r e  r e p l a c e d  by c h l o r i n e  i s  deduced  from
t h e  i n f r a r e d  sp e c tru m , and th e  p re s e n c e  o f  a t  l e a s t  t h r e e
c h l o r i n e  atom s a t t a c h e d  to  tu n g s te n  can  be assumed from th e
mass spec trum * I f  th e  compound i s  WCl^KMe.MeCN i t  i s  a  d e r i v a t
o f  W(V) and t h e r e f o r e  p a ra m a g n e t ic „ However, no s i g n a l  was
o b t a i n e d  when an e . s . r .  spec trum  was r e c o r d e d  ( i n  a c h lo ro fo rm
s o l u t i o n )  w h ic h . s u g g e s t s  t h a t  th e  compound i s  WC1KKe.HeCN*
An a d d i t i o n a l  r e a s o n  f o r  assum ing t h a t  th e  compound s t i l l
c o n t a i n s  W(VT) i s  t h a t  Me_SiCl r e a c t s  w i th  WF/- w i th o u t  r e d u c i n g3 0
i t ,  compounds o f  th e  ty p e  WF Cl^ ^ b e in g  o b ta in e d  [120]*  An
e l e m e n t a l  a n a l y s i s  o f  ’A* sho u ld  co n f irm  i t s  c o m p o s i t io n  a s
WC1. NMe.MeCN. k
B) R e a c t io n  o f  WF, NKe.KeCN w i th  T r im e th y lm e th o x y s i l a n e .
^ I-y
'When WF. NMe .KeCN and a l a r g e  e x c e ss  o f  Me^SiOMe a r e  shaken  
A 3
t o g e t h e r  f o r  2k  h o u rs  i n  a s o l u t i o n  o f  KeCN, an o range
c r y s t a l l i n e  s o l i d  i s  o b ta in ed *  Both th e  e l e m e n ta l  a n a l y s i s
and t h e  mass spec trum  o f  th e  s o l i d  a r e  d i f f i c u l t  t o  i n t e r p r e t  .
s u g g e s t i n g  t h a t  i n s t e a d  o f  s im ple  re p la c e m e n t  o f  th e  f l u o r i n e
a tom s *>n WF, "NMe .MeCN by -OMe, e x t e n s iv e  r e a r ra n g e m e n t  t a k e s  
k
p l a c e  p o s s i b l y  w i th  th e  fo rm a t io n  o f  t u n g s t e n  oxygen doub le  
b onds*  D e t a i l s  o f  th e  e le m e n ta l  a n a l y s i s  and th e  mass and 
i n f r a r e d  s p e c t r a  o f  th e  orange s o l i d  a r e  g iv e n  i n  th e  Sxpcrim erk 
s e c t i o n *
The i n f r a r e d  spec trum  of th e  compound has  no bands  i n
—1t h e  r e g i o n  2 5 0 0 -2 3 0 0  cm. im p ly in g  t h a t  t h i s  compound h as  no 
c o o r d i n a t e d  MeCN -  u n l ik e  th e  o th e r  compounds exam ined . T here
-  8 h  -
a r e ,  h ow ever ,  two s t r o n g  bands a t  570 and 5J+0 cm71 * The l a t t e r
i s  S.H tr .e  ra n g e  o f  a b r id g in g  W~F s t r e t c h in g ;  mode w h i le  th e
fo rm e r  may c o r re s p o n d  t o  a  tu n g s te n  oxygen s t r e t c h i n g  v i b r a t i o n
a l t h o u g h  t h e s e  o ccu r  over a  wide ra n g e  o f  f r e q u e n c i e s  (70 0 -5 0 0  cr.i
1 1 2 1 ] .  Medium i n t e n s i t y  peaks  a t  106p and 1025 cm71 i n d i c a t e
t h e  p r e s e n c e  o f  W=0 b o n d s .
Only a  *H n . m . r .  spec trum  co u ld  be o b s e rv e d .  T h is  c o n s i s t s
o f  a  b ro a d  s i n g l e t  a t  6 = 3*5ppm and a  com plex m u l t i p l e t  a t
5 = These s i g n a l s  have a r a t i o  o f  i n t e n s i t i e s  o f  ^ 1 :A
and f rom  t h e i r  ch em ica l  s h i f t s  a r e  a s s ig n e d  to--NMe and -OMe
j> ro tons  r e s p e c t i v e l y .
O b v io u s ly  t h i s  r e a c t i o n  betw een WF. Hie.MeCN and Me_SiOMek  2
w i l l  have  t o  be i n v e s t i g a t e d  much mere th o r o u g h ly  b e f o r e  an
a t t e m p t  can  be made to  i d e n t i f y  th e  r e a c t i o n  p r o d u c t .  A l l
t h a t  c a n  be s a i d  a t  t h i s  s ta g e  i s  t h a t  i t  c o n t a i n s  W-F, W-OKe
and p o s s i b l y  W=0 g ro u p s .  A p o s s i b l e  way to  s tu d y  th e  r e a c t i o n
Vfould be t o  v a ry  th e  amount o f  Me^SiOMe added to  WF^KMe .MeCN
and m easu re  how much Me,SiF i s  p ro d u ced .  T h is  would i n d i c a t e
?
hew many f l u o r i n e  atoms a r e  b e in g  r e p l a c e d .
C) Reactions of WF. NMe.MeCN with Carbon Disulphide, Sulphur
—--------------------— A------------------ ----------------------------- - *
D io x id e  and S u lp h u r  C h lo r id e  P e n t a f l u o r i d e . These were i n v e s t i g a t e d  
i n  a n  a t t e m p t  t o  c a r r y  ou t a d d i t i o n  o r  i n s e r t i o n  r e a c t i o n s  
a c r o s s  t h e  W=N bond.
B o th  CS2 and S02 were d i s t i l l e d  on to  -WF^NKe.KeCN and th e
m i x t u r e s  shaken  t o g e th e r  f o r  s e v e r a l  days  b u t  WF^KKe.MeCN d id
n o t  r e a c t  w i th  e i t h e r  o f  th e s e  compounds.
A s o l u t i o n  o f  WF, NKe.MeCN in  MeCN and SF Cl were i r r a d i a t e d  b y  
u l t r a - v i o l e t  l i g h t  f o r  2£f hours  b u t  a g a in  no r e ^ c ^ i o n  to o k  
p la c  e •
-  85 ~
i t  h a s  been, s u g g e s te d ,  a t  l e a s t  w i th  S0^ [ 1 2 2 ] ,  t h a t  t h e  ~’S'"'A"1 o ;i
y>T:oc e s s  j.nco an  Ju—X bond (X ~ C, N e t c . )  p ro c e e d s  by an
e -i.ee ci opu.-.xic etc each on rhe  M—X bond and t h a t  th e  more u c l a r
t h e  H-X bond i s  th e  more e a s i l y  th e  i n s e r t i o n  p r o c e s s  can  ta k e
p l a c e .  T h e r e f o r e ,  i t  i s  n o t  s u r p r i s i n g  t h a t  t h e r e  i s  no
r e a c t i o n  b e tw een  WF^NMe.MeCN and e i t h e r  CS^ o r  SO^. The l a c k
o f  r e a c t i o n  betw een WF, NMe.MeCN and SF.-C1 can  be a t t r i b u t e d  to
h 5
t h e  i r r a d i a t i o n  p ro c e s s  b e in g  c a r r i e d  ou t i n  th e  l i q u i d  p h a s e .
T h i s  w ould  te n d  t o  s u p p re s s  th e  fo rm a t io n  o f  SF* and Cl*
5
r a d i c a l s  from  SF_C1«
R e a c t io n  be tw een  T ungsten  H ex a f lu o r ld e  and H e x a m e th y ld i s i l a s a n e .
The r e a c t i o n  betw een WF  ^ and (Me^Si^NH was s t u d i e d  w i th  th e
aim  o f  p ro d u c in g  a n o th e r  compound i n  th e  s e r i e s  WF^NR. WF^
and  (Me_Si)„KH r e a c t  e x o th e rm ic a l ly  i n  th e  ab sen ce  o f  a s o lv e n t  5 2
t o  p ro d u c e  a  p eac h  c o lo u re d  s o l i d  and Me^SiF. A n a l y t i c a l
s t u d i e s  on t h i s  s o l i d  gave v a ry in g  r e s u l t s .  The s o l i d  is .
i n s o l u b l e  i n  o rg a n ic  s o l v e n t s .  I t  seems l i k e l y  t h a t  s in c e
th e  r e a c t i o n  i s  so v ig o ro u s ,  th e  N-H bond i n  (Mer Si)pNK i s  b e in g
✓
b r o k e n  w i th  t h e  p ro b a b le  fo rm a t io n  o f  HF fo l lo w e d  by d e c o m p o s i t io n  
o r  p o l y m e r i s a t i o n  o f  th e  r e a c t i o n  p r o d u c t s .
When WF> and (Me?S i ) 0NH a re  mixed t o g e t h e r  i n  th e  p r e s e n c e  o 5 2
o f  MeCN a  more m odera te  r e a c t i o n  t a k e s  p la c e  and a brown 
c r y s t a l l i n e  s o l i d  i s  form ed. An e le m e n ta l  a n a l y s i s  o f  t h i s  
s o l i d  shows t h a t  i t  has  th e  c o m p o s i t io n  C2H^N2F^ ir7 (WFjXTH,-.h-eCu) 
i n s t e a d  o f  t h e  e x p ec ted  WF^NH.KeCN. (No oxygen a n a l y s i s  was 
p e r f o r m e d . )
C h a r a c t e r i s a t i o n  o f  s o l i d .
1) N.M.R, S p e c tr a . No 19F spec trum  c o u ld  be o b se r v ed  a l th o u g h
TABLE 2 o i l
1H. Spectrum o f  M iy/ (Me - S i  ) teCH Product
6ppm 
2*1 
5 .2  
6.1 
7 .0
i n f r a r e d  and a n a l y t i c a l  e v id e n c e  show t h a t  th e  m o le c u le  c o n t a i n s
f l u o r i n e  a to m s .  The H sp ec tru m  was r e c o r d e d  i n  CILCN.
D e t a i l s  o f  t h e  sp e c tru m  a re  g iv e n  i n  T ab le  2 . 1 1 .  The s i z e  o f
t h e  c o u p l in g  c o n s t a n t  m easured  [100] and th e  c h e m ic a l  s h i f t
o b t a in e d  f o r  t h e  n u c le u s  by d e c o u p l in g  s t u d i e s  [ 1 2 3 ]
s u g g e s t  t h a t  t h e  compound c o n t a in s  th e  ammoniuni i o n ,
2) I n f r a r e d  S p ec tru m . To h e lp  w i th  th e  a s s ig n m e n t  o f  th e
s p e c tru m  th e  r e a c t i o n  betw een WFg and (Me^Si^NI-I was c a r r i e d
o u t  i n  th e  p r e s e n c e  o f  CD^CN and once a g a i n  a  brown c r y s t a l l i n e
s o l i d  was o b t a i n e d .  D e t a i l s  o f  th e  s p e c t r a  o f  th e  compounds
p r e p a r e d  i n  b o th  MeCN and CD^CN a r e  g iv e n  i n  T a b le  2 .15*  The
p r e s e n c e  o f  c o o r d in a t e d  MeCN and CD^CN can  be r e a d i l y  s e e n ,
w h i le  t h e  p r e s e n c e  o f  th e  NR* io n  i s  i n d i c a t e d  by th e  bands
- 1a t  3 2 7 0 , 1680 and 1125  cm. a l l  o f  w hich a r e  c h a r a c t e r i s t i c  o f  
EH* [ 1 0 9 ] .  . The re m a in d e r  o f  th e  sp ec tru m  i s  a s s ig n e d  by
*T
c o m p ar iso n  w i th  th e  s p e c t r a  o f  V70F^  [ 913  and  NO [ 1 2 1 ] .
-1T hese two compounds have bands a t  1055 and 1005 om. r e s p e c t i v e l y
w hich  a r e  a s s ig n e d  a s  v(M~0 ) .  Thus th e  medium i n t e n s i f y  bands
1 - 1a t  1060  cm7 w i th  s h o u ld e r  peaks  a t  1020 cm. i n  b o th  th e
compounds p r e p a r e d  h e re  can  be assi.gn.ed a s  v(V<=0) -» The io n
CEL i n  MeCN
. NS* 1J(H~N) 5^Hs 
1
m%10F'Z«bleCI$ (cm .- 1 ) 
H- Z>
HH+K0F“ .CB3CN(om:1) A ss ig n m en ts
32.70 b r , s 3270 b r , s v(N-H) i n  ITS*
3020 w 3100  w
2 9 k 2  a 2920  w
2830  Vf
2310  m c o m b in a t io n
2300  m v(C5N)
2 288  m
2263 w v(C-D)
2113 w
1680  v b r ,m 1680 b r ,w 6 (N-H) i n  m *
1 if25  b r ,m 12*25 b r ,m
1362  w
1130  w 1130  w
1100 m 1100 sh ,w
1060 b r ,m 1060 b r ,m v(W=0)
1020 sh ,w 1020 b r ,m p(CH3)
9 k 0  m u(C-C)
85O m p(CD3)
7 0 0  s 700  s
630-600  b r , v s 630-600 b r* v s y(W-F) t e r m i n a l
These spectra were recorded in the solid phase using both 
mijol and fluorolube as mulling agents.
WFr i s  r e p o r t e d  t o  have a c h a r a c t e r i s t i c  band  a t  5c,'-i- c n .  £ l2 cj I : 
t h u s  t h e  p re s e n c e  i n  th e  s p e c t r a  h e re  o f  v e r y  b re a d  bands a t  
6-50-600 cm* 1 would te n d  to  r u l e  o u t  *
The m a s s •sp ec tru m  o f  th e  s o l i d ,  d e t a i l s  o f  w hich a r e  
/r iven  i n  th e  E x p e r im e n ta l  s e c t i o n ,  shows peaiks w hich can  be 
a t t r i b u t e d  t o  b o th  WF and WOF s p e c i e s .  The h i g h e s t  o b se rv e d  
i o n ,  w h ich  i s  a l s o  th e  most ab u n d an t t u n g s t e n  c o n t a i n i n g  io n ,  
c o r r e s p o n d s  to  WFj_« I n  t h i s  sp ec tru m  t h e r e  a r e  s e v e r a l  s e t s  
o f  p e a k s  h a v in g  th e  t u n g s t e n  i s o t o p e  p a t t e r n  w hich  o c c u r  below  
m/e = 186 ( th e  a to m ic  w e ig h t o f  t u n g s t e n  = 1 8 3 *8 6 ) .  These 
have b e e n  a s s ig n e d  a s  doubly  c h a rg e d  i o n s .
To d e te rm in e  w h e th e r  th e  r e a c t i o n  p r o d u c t  o f  WF,-/(Me.,Si)~3TI/.6 3 2 ’
c o n t a i n e d  an a c i d i c  N-H l i n k a g e  a  r e a c t i o n  was c a r r i e d  o u t  
b e tw ee n  i t  and n - b u t y l  l i t h i u m .  No r e a c t i o n  o c c u r s  be tw een  
them* i d e n t i c a l  i n f r a r e d  s p e c t r a  b e in g  o b t a in e d  f o r  th e  s o l i d  
b e f o r e  and a f t e r  th e  r e a c t i o n .
From s p e c t r a l  d a t a  and e l e m e n ta l  a n a l y s e s  th e  p ro d u c t
o b t a in e d  from th e  r e a c t i o n  o f  WF  ^ w i th  (H e^S i^N N  i n  th e  p re s e n c e
o f  MeCN i s  f o rm u la te d  a s  th e  s a l t  NH* WOF-.MeCIT.k b
- f
The fo rm a t io n  o f  th e  compound NII  ^ WOF^-.MeCN must have 
a r i s e n  from i m p u r i t i e s  i n  th e  s t a r t i n g  m a t e r i a l s  (M e^Si^KH 
o r  MeCN. (M e -S i^ O  ±s  th e  most l i k e l y  i m p u r i t y  i n  (M e^Si)? NH 
and t h i s  h a s  been  shown to  r e a c t  w i th  VTFg t o  form V*OF^  and a 
brown u n i d e n t i f i e d  s o l i d  [ 126 ] .  WOF^  r e a c t s  w i th  th e  f l u o r i d e  
i o n ,  F~ , t o  p roduce  WOF~ [ 9 7 ] .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  
t h a t  m o i s tu r e  i n  th e  s t a r t i n g  m a t e r i a l s  c o u ld  b o th  c o n v e r t  
(Ke_Si)~NH to  (MevS i ) - 0  and r e a c t  w i th  VfEV to  form HF w i th  t h e s e3 2 J 2 O
4- —
p r o d u c t s  f u r t h e r  r e a c t i n g  to  form WOF^.KeCK. A no ther  
p o s s i b i l i t y  f o r  t h e  fo rm a t io n  o f  Nil* WOF~.KeCN i s  t h a t  th e
~ o 9 -
e x p e c te d  p ro d u c t  o f  th e  r e a c t i o n  betw een l.TV and (Me-Si)-1\TIo y d
an  KeCN* nam ely VfF^KE.KeCN, i s  in d e e d  form ed b u t  t h a t  i t  
h y d r o l y s e s  r a p i d l y  t o  form KH* V>OF~.KeCK.
k  3
A lthough  seme s a l t s  o f  th e  a n io n  V/OF- have  been  p r e p a r e d  
p r e v i o u s l y  t h e r e  do n o t  a p p e a r  to  be any exam ples  where th e  
i o n  i s  c o o r d in a t e d  to  a n o th e r  l i g a n d .
R e a c t io n s  w i th  Molybdenum K e x a f lu o r i d e . R e a c t io n s  betw een Kolb....................      , .................. -      O ■
an a  (Me-Si)-NMe i n  b o th  MeCN and C-ELN v:ere s t u d i e d  b r i e f l y  3 2 > 5  ^
t o  f i n d  o u t  i f  th e y  p ro ceed ed  i n  a manner a n a lo g o u s  t o  th o s e  
b e tw ee n  WFg and  (K e ^ S i^ M ’Ie. P r e l im in a r y  r e s u l t s  i n d i c a t e  
t h a t  KoF^ r e a c t s  i n  th e  same way a s  WFg b u t  t h a t  th e  s o l i d  
p r o d u c t s  o f  t h e  r e a c t i o n s  a r e  more s u s c e p t i b l e  t o  h y d r o l y s i s  
t h a n  th o s e  from t/Fg. The mass s p e c t r a  o f  t h e  s o l i d s  show o n ly  
p e a k s  c o r r e s p o n d in g  to  Mo-0 f ra g m e n ts  b u t  e l e m e n t a l  a n a l y s e s  
s u g g e s t  t h a t  compounds MoF^NMe, MoF^NMe.MeCN and MoF^NKe.py 
a r e  p ro d u c e d .  D e t a i l s  o f  th e  a n a ly s e s  a r e  g iv e n  i n  th e  E x p e r im e n ta l  
s e c t i o n .  T h is  g r e a t e r  s u s c e p t i b i l i t y  t o  h y d r o l y s i s  i s  n o t  
s u r p r i s i n g  s i n c e  MoFg i t s e l f  h y d r o ly s e s  mere r e a d i l y  th a n  WFg [ 6? ] .
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SUGGESTED FTJPTHEE STUDI E S .
I t  i s  ob v io u s  from th e  r e a c t i o n s  d e s c r i b e d  i n  t h i s  c h a p t e r  
t h a t  a g r e a t  d e a l  o f  work re m a in s  t o  be clone i n  t h i s  f i e l d  o f  
c h e m i s t r y .  In  p a r t i c u la r*  th e  s e c t i o n  o f  work vdiich n eed  f u r t h e r  
i n v e s t i g a t i o n  a r e : -  •
1) R e a c t io n s  o f  WF, KMe.MedT. It. h a s  been  shown t h a t  th e    ^ --------------
f l u o r i n e  atoms i n  WF^NKe.MeClT can  be r e a d i l y  r e p l a c e d  by 
o t h e r  atom s or  g ro u p s .  A s y s t e m a t i c  r e p la c e m e n t  o f  th e  f l u o r i n e  
a tom s s h o u ld  p roduce  a s e r i e s  o f  compounds from w hich g e o m e tr ic  
i s o m e r s  c o u ld  be i s o l a t e d  and from w hich i t  m igh t be p o s s i b l e  
to  o b t a i n  more in f o r m a t io n  a b o u t  th e  f r e q u e n c y  o f  th e  t u n g s t e n  
n i t r o g e n  s t r e t c h i n g  v i b r a t i o n .
2) P r e p a r a t i o n  o f  liF NR.MeCN. Only th e  compound where R = lie 
h a s  b een  i s o l a t e d  i n  t h i s  w ork . I t  sh o u ld  be p o s s i b l e  by 
u s i n g  th e  a p p r o p r i a t e  s t a r t i n g  m a t e r i a l s  t o  e x te n d  th e  s e r i e s  
t o  R -  H, E t ,  P h .
3 )  O ther  T r a n s i t i o n - M e ta l  H a l i d e s . I t  i s  p o s s i b l e  t h a t  a s
w e l l  a s  MoFg r e a c t i n g  w i th  (K e-S i^K K e i n  a  manner a n a lo g o u s
WF,-. o t h e r  t r a n s i t i o n - m e t a l  h a l i d e s  s u ch  a s  NbFr. and TaFr. m igh t 6 s b z>
do so  a s  w e l l .
k )  S t r u c t u r a l  I n v e s t i g a t i o n s . A l l  th e  compounds p r e p a r e d  i n  
t h i s  c h a p t e r  a r e  c r y s t a l l i n e  s o l i d s  and a l th o u g h  th e y  a r e  
s u s c e p t i b l e  to  h y d r o l y s i s  X -ray  s t u d i e s  on them sh o u ld  be 
p o s s i b l e .  These would be i n t e r e s t i n g  i n  t h a t  th e y  would 
c o n f i rm  th e  s t r u c t u r e s  o f  WF^KMe and WF^NHe.HeCIT g iv i n g  th e  
d e g re e  o f  p o ly m e r i s a t i o n  i n  WF^FKe and p ro v id e  in f o r m a t io n  
a b o u t  th e  l e n g t h  o f  th e  W=N bond.
'T he  s o l v e n t s  u s e d ,  a c e t o n i t r i l e ,  p y r i d i n e  a n d  c a r b o n  
d i s u l p h i d e  v/ere d r i e d  by s t a n d a r d  m ethods L 55 J and s t o r e d  
e v e r  a c t i v a t e d  m o le c u la r  s ieves®  O th e r  s t a r t i n g  m a t e r i a l s  
w ere  p r e p a r e d  o r  o b ta in e d  a s  d e t a i l e d  i n  T a b le  2 . 1 6 . T h e i r  
p u r i t y  was ch eck ed  b e f o r e  u se  by i n f r a r e d  s p e c t r o s c o p y .  
R e f e r e n c e s  t o  t h e  s p e c t r a  a r e  a l s o  g i v e n  i n  T a b l e  2*16 ,
S p e c t r a  and e l e m e n ta l  a n a l y s e s  were o b ta in e d  a s  i n  C h a p te r  1. 
T u n g s te n  v;as d e te rm in e d  a s  t u n g s t e n  t r i c x i d e  w i th  c in c h o n in e  
h y d r o c h lo r i d e  [1273« R e a c t io n s  were c a r r i e d  o u t  i n  an h y d ro u s  
c o n d i t i o n s  u s in g  g l a s s  r e a c t i o n  v e s s e l s  w i t h  s id e - a r m s  and 
e q u ip p e d  w i th  ’’t e f l o n ' 1 s to p - c o c k s .  S o l i d s  were h a n d le d  i n  a  
L i n t o t t  i n e r t  a tm osphere  b o x .
R e a c t i o n s ®
1) P r e p a r a t i o n  o f  WF^IvHe.
( i )  (Me_Si)~KMe (1 .1 0 9  g ? 6 .3 3  mmol) was co ndensed  i n t o  a  
r e a c t i o n  v e s s e l  w i th  WFg (2 .1 9 5  g? 7 »36 mmol) a t  -196°C and th e  
r e a c t a n t s  were a l lo w ed  to  warm to  am b ien t t e m p e r a t u r e .  A cream 
c o lo u r e d  s o l i d  was d e p o s i t e d  o v e r  a  p e r io d  o f  a  w eak. The 
v o l a t i l e  p r o d u c t s  were removed and s e p a r a t e d  by f r a c t i o n a l  
d i s t i l l a t i o n  i n t o  two p ro d u c t s  i d e n t i f i e d  by t h e i r  i n f r a r e d  
s p e c t r a  a s  [ 128 ] and 1*06  g ( 1 1 .5 2  mmol) o f  Me^SiF [130 3 .
The cream  s o l i d  w eighed 1 .93  g* The t h e o r e t i c a l  amount 
c a l c u l a t e d  f o r  WF^NKe i s  1 .82  g .  I n f r a r e d  and mass s p e c t r a  
a r e  t a b u l a t e d  i n  th e  R e s u l t s  s e c t i o n .  E le m e n ta l  a n a l y s e s  a r c  
g iv e n  i n  T ab le  2 .17*
( i i )  'F2 PK!*IeSiKe^ (0 .7 8  g ,  nmol) and (1.^-0 g T h .6 9  mmol)
w ere condensed  t o g e t h e r  a t  —19o 0 and l e f t  to  warm up t o  room
r> n3' c. —
S t a r t i n g :  M a t e r i a l
TABLE 2 .1 6
Loure
w 6
M°F6
(Me_Si)„RH ^ 2
(M e^ S i)0Mie
CD-CN3
C^D-N 
;> 3
n. ‘u L i
M e-S iC l
3
Ke-SiQKe3
MeNSF^
F^PNMeSiMe.. 2 A
( F-,P-11Ke ) 0 3 2
SFV.C1
3
A l l i e d  Chem ical Co. [128]
Cam brian C hem icals . ,  [128]
Hopkins and W il l ia m s  L t d .  L 61 ]
Me.. SiC 1/Me NIL. G 61 ] [  61 ]3 2
Prochem L t d .  [10-1]
B.D.H. [1293
Alpha I n o r g a n ic  I n c .
I . C . I .  [130]
P ie r c e  C hem ica ls  [131]
M’eNH2/S F ^  [ 92 ] [ 92 ]
F2PCl/(Me^Si)2KMe [ 38 ] [ 38 3
F ^P /(M e^S i) 2EMe [ 17 ] [ 1 3 2 ]
P e n i n s u l a r  C h e m ic a ls .  [1333
-  93 -
TABLE 2 . 1 ?
E lem ental A n alyses o f  TE,LEA
c% e& ; W/o F?3 U/o
If e 1 5 1 . 01* 4 .8 5 2 6 .3 0 6 3 .6 6 WF, M' le  r e q u i r e s  4
5,-88 1.71 4*83 2 5 .2 9 \TFr /F^,  FKEeSiMe. p ro  due tt) Cl J
6 .5 7 1 .4 3 5 .3 6 2 4 .9 0 VJF/'/d-Ie-Si) ,-KI-Ie p ro d u c t  O 5 A
5*82 2 .1 3 2 7 .9 3 II
t e m p e r a t u r e .  T h e y  w e r e  l e f t  f o r  o n e  w e e k ,  b y  w h i c h  t i m e  a  
y e l l o w  s o l i d  h a d  b e e n  d e p o s i t e d .  T h i s  s o l i d  h a d  a n  i n f r a r e d  
s p e c t r u m  i d e n t i c a l  t o  t h a t  o b t a i n e d  f o r  WF^i JKe  p r e p a r e d  a s  i n  
( i ) .  D e t a i l s  o f  a n  e l e m e n t a l  a n a l y s i s  a r e  g i v e n  i n  T a b l e  2 . 1 7 .  
T h e  v o l a t i l e  p r o d u c t s  w e r e  n o t  s e p a r a t e d  b u t  w e r e  i d e n t i f i e d  
f r o m  t h e i r  i n f r a r e d  s p e c t r a  a s  P F ^  [ 134 ]  ,  M e ^ S i F  a n d  VJF^j  
t h e i r  t o t a l  w e i g h t  w a s  0 . 8 1 4  g  c o m p a r e d  w i t h  a  t h e o r e t i c a l  
w e i g h t  o f  0 . 8 6 2  g  b a s e d  o n  a  1 : 1  m o l a r  r e a c t i o n .
( i i i )  Ke ILSF2  ( 0 . 6 7  g ,  6 . 7 6  m m o l )  a n d  WFg ( 2 . 3 0  g ,  7*71 m m o l )  
r e a c t e d  b e l o w  r o o m  t e m p e r a t u r e  t o  p r o d u c e  a n  o r a n g e  v i s c o u s  
l i q u i d  f o r  w h i c h  n o  " ^ F  n . m . r .  s p e c t r u m  c o u l d  b e  o b t a i n e d  a n d  
w h i c h  w a s  a s s u m e d  t o  b e  t h e  p r o d u c t  o f  t h e  p o l y m e r i s a t i o n  o f  
M e N S F 2 .
( i v )  ( P F ^ K K e ) 2  ( 0 . 5 0  g ,  2 . 1 5  m m o l )  a n d  WFg ( 0 .7 7  g ,  2 . 6 0  m m o l )  
w e r e  c o n d e n s e d  t o g e t h e r  a n d  t h e  r e a c t i o n  m i x t u r e  a l l o w e d  t o  
s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  e i g h t  d a y s .  A n  e x a m i n a t i o n
o f  t h e  r e a c t i o n  m i x t u r e  b y  i n f r a r e d  s p e c t r o s c o p y  s h o w e d  i t  
t o  c o n s i s t  o n l y  o f  t h e  s t a r t i n g  m a t e r i a l s •  An e x c e s o  O j .  Iv i ed !  
w a s  t h e n  a d d e d  t o  t h e  r e a c t i o n  m i x t u r e  b u t  a g a i n  n o  r e a c t i o n  
o c c u r r e d .
TABLE 2 d 8
E lem ental A nalyses o f  NEe JfeCN
c% B.% F% W %
1 0 .9 1 1 .8 2 8 .4 8 23-03 55-75 WF. EHe.HeCIT r e q u i r e s  4
1 0 .7 0 1 .8 9 8 .2 4 2 2 .7 9 WF/./F^PNMeSiMe, t h e n  + KeCk 0 2 y
7 .7 2 2 .5 9 7 .1 2 22 .03 5 7 .0 0 t«
9 .71 0 .7 9 7 .6 5 30 .95 WFg/ ( He j S ± ) 2HHe/HeC N
1 0 .1 2 1 .8 7 7 .8 8 2 6 .88 m
8 .6 6 1 .8 8 7 .9 7 2 7 .4 6 ti
2 )  P r e p a r a t i o n  o f  WF^RHe.MeCH. (M e^Si^RK e (0 .5 6  g ,  3 .2 0  mmol) 
and  WF^ (1 .2 2  g , 4 .0 9  mmol) were condensed  t o g e t h e r  w i th  an  
e x c e s s  o f  MeCN. They were a l lo w ed  to  warm up s lo w ly  and  a t  ^ - tO ° C  
a  r e a c t i o n  to o k  p la c e  w i th  th e  fo rm a t io n  c£ an o range  s o l i d .
The m ix tu r e  was shaken  f o r  one day t o  e n s u re  co m p le te  r e a c t i o n  
w hereupon 1 .08  g o f  WF^FMe.MeCN and 0 .51  6 (3*90 mmol) o f  Me^SiF 
w ere  o b t a i n e d .  I n f r a r e d ,  n . m . r .  and mass s p e c t r a  a r e  t a b u l a t e d  
i n  t h e  R e s u l t s  s e c t i o n .  R e s u l t s  o f  e l e m e n t a l  a n a l y s e s  on WF^EKe.HeC]: 
p r e p a r e d  i n  t h i s  way and by a d d in g  KeCN to  WF^HKe p r e p a r e d  
a s  i n  1 ( i )  and 1 ( i i )  a r e  g iv e n  i n  T ab le  2 . 1 8 .
*) P r e p a r a t i o n  o f  W F Jdfe .py . (Me-SO^NMe (0 .6 2  g ,  3*54 mmol)
' ~TL 1,1 “
and  WFg ( 1 .1 3  g'j 3 .8 2  mmol) were condensed  i n t o  a r e a c t i o n  
v e s s e l  t o g e t h e r  w i th  a l a r g e  e x c e s s  c f  C^H^rl. The r e a c t i o n  
m ix tu r e  was a l lo w e d  to  warm up s lo w ly  and th e n  shaken  to  
e n s u r e  com ple te  r e a c t i o n .  When th e  v o l a t i l e  p r o d u c t s ,  b.o^Si.'j,
e x c e s s  WFg and C ^ N ,  were removed 1 .20  g (3 -3 0  mmol) o f  
b l a c k  s o l i d  was o b t a in e d .  T h is  a n a ly s e d  a s  WF^NCII^.C^ir^N
-  Q'S -
r-ound: o , 1 9 * / 1 ? H, 2 .3 6 ;  IT, 7-77? F , 20.39-* 0,-HoF. N_V’ re c .u i r eb O if a
c\^ i 19*5*6? H» 2 . 1 7 ;  h ,  7 * 6 1 ;  F ,  2 0 . 657") * I n f r a r e d ,  a n d
m a s s  s p e c t r a l  d a t a  a r e  t a b u l a t e d  i n  t h e  R e s u l t s  s e c t i o n .
4 )  R e a c t io n s  o f  WF,NMe.KeCN.■ ; *“—-if— ---------
( i )  W ith  f r i m e t h y i c l i l c r c s i i a n e . Me^SiCl was d i s t i l l e d  o n to  a ----- - ---- - ------- *----------------------- p
o f  VvF, NMe.KeCN i n  KeCN. The r e a c t i o n  m ix tu re  was sh ak en  o v er  4
n i g h t , t h e n  th e  v o l a t i l e  p r o d u c t s  were removed and i d e n t i f i e d
by t h e i r  i n f r a r e d  s p e c t r a  a s  Me^SiCl and K e ,S iF .  The m ix tu re3 3
o f  t h e s e  two c o u ld  n o t  be s e p a r a t e d  s a t i s f a c t o r i l y *  An o range
c r y s t a l l i n e  s o l i d  fo rm u la te d  a s  WC1. Idle.MeCN was l e f t  i n  th e4
r e a c t i o n  v e s s e l .  I t  m e l te d  w i th  a p p a re n t  d ec o m p o s i t io i i  a t  
oi90 0 .  I t s  n . m . r .  sp ec tru m  i s  g iv e n  i n  th e  R e s u l t s  s e c t i o n .
Mass Spectrum  o f  WG1,NMe.KeCN (m /e ,  a s s ig n m e n t ,  r e l a t i v e“ * 1 '   1 4 1 " '
i n t e n s i t y )  326 ,  WCl^NCH*, 100; 297 , MCI*, 40 ; 250-255 (com plex 
m u l t i p l e t ) ,  ? ,  5 ;  260 , WCl*, 40 ; 237 , WC1N+ , 10; 223 , WC1+ , 30;
140-160  (com plex  m u l t i p l e t ) ,  ? .  20 ; 128, ? ,  20 ; 1 2 7 , ? ,  1 6 ;
4 1 ,  CH, c i r  , 200; 40 , CH0CN+, 100; 3 9 ,  .CHCN+, 65; 3 7 ,  C l+ , 40; 3 *-
3 5 ,  C l+ , 120 . These a r e  th e  o n ly  peaks  p r e s e n t  v ; i th  >1%
186r e l a t i v e  i n t e n s i t y  o f  m/e >2 8 . m/e v a lu e s  a r e  g iv e n  f o r  W 
and  57C1.
I n f r a r e d  Spectrum  o f  WCi^ITMe.KeCN. 2315 £» 2290 s_, 1310 £ ,
-1
1030  W) 950  m, 400 w, 335 v s  cm* .
en( i i )  W ith T r i m e  th y  line thoxy  s i  la n e  * WF^NKe.MeCN was sh ak
w i t h  a  l a r g e  e x c e ss  o f  Me_Si0Ke i n  a  s o l u t i o n  o f  KeCN. The
v o l a t i l e  p rodv .c ts  were i d e n t i f i e d  from t h e i r  i n f r a r e d  s p e c t r a
a s  Me^SiF and Ke_Si0Me w h ile  an o range  c r y s t a l l i n e  s o l i d  
3
re m a in e d  i n  th e  r e a c t i o n  v e s s e l .  An e l e m e n ta l  a n a l y s i s  o f  t h i ;  
o ra n g e  s o l i d  gave th e  lo l lo w x n g  r e s u l t s : — C, 1 4 o 7 ,  L,p.s<r.;
H, 4 . 9 9 ;  F ,  10.14%- T h is  i s  a r a t i o  o f  atom s o f  C ^ F F  .
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fo:S-S S pec trum  o f  S o l i d . 329, W(0Ke),KCH7, 75; 5 1 ? ,  IThCOKe) , 1 0 0 :4 2 4 ')
298 , V,TF ( CMe)_ , 40; 283, i ;0F (0ke)* ,  100; 271 , EO F.( CEe) + , 42;
2 3 7 , W02FT, 30 ; 147 M0F2 (CHe)2+ , ?0 ; 3 1 , 0Ke+ , 6 0 ; 2 9 ,  ECH*, 1 0 0 . 
O th e r  i o n s  o f  1-5% r e l a t i v e  i n t e n s i t y  a r e  v i s i b l e  from m/e = 90 
t o  m/e = 4 5 .  However, t h e  spec trum  o f  th e  came sa n j j le  was 
r e c o r d e d  s e v e r a l  t im e s  b u t  c o n s i s t e n t  m/e v a lu e s  were n o t  
o b t a i n e d  f o r  t h e s e  a d d i t i o n a l  p e a k s .
I n f r a r e d  S pectrum  o f  S o l i d . 2930 m, 2822 w, 1460  w, 1458  w,
1315 m, 1168 m, 1090 s h ,  1065 m, 1025 m, 605  w, 570 m, 540 m,
r n -  ~1pop w cm.
5 )  R e a c t io n  be tw een  WF^ - and (M e ^ S i^ NH. When (Me^Si^hTH and 
WF^ w ere mixed t o g e t h e r  i n  th e  absence  o f  a  s o l v e n t  an  ex o th e rm ic  
r e a c t i o n  to o k  p la c e  ^ - 40°C to  p roduce  a  p each  c o lo u re d  s o l i d ,  
w hich  was i n s o l u b l e  i n  o rg a n ic  s o l v e n t s ,  and Me^SiF.
I n f r a r e d  S pectrum  o f  S o l i d .  3280 m, 1620 w, 1420 b r , s , 1260 m,
1175  m, 1100  b r  ,m, 1020  w, 890  shvw, 850  s< 760  m, 6 6 0 -6 0 0  v s ,  
450-430  w c m ! 1
6 ) P r e p a r a t i o n  o f  NH*li0F,_. MeCN. (Ke^Si)^NH (0 .5 7  £ ,  3«34 mmol) *--   3------- - --> ■ p 2
end ( 1 .1 8 7  g ,  3 .9 8  mmol) were condensed  t o g e t h e r  w i th  MeCN
and a l lo w e d  to 'w arm  to  am bien t t e m p e r a t u r e .  0 .5 7  g (6 .2 5  mmol) 
o f  Me^SiF and 1 .08  g o f  an  orange s o l i d ,  f o rm u la te d  a s  ITH^WOF^.MeCN, 
w ere o b t a i n e d .  The s o l i d  m e lted  w i th  d e c o m p o s i t io n  a t  114°C.
The i n f r a r e d  and n . m . r .  s p e c t r a  a re  g iv e n  i n  th e  R e s u l t s  s e c t i o n .  
Mass Spectrum  o f  I\K*W0F,- .IieCN. 281 , WF^, 100; 262 , V,TF ^ , 50 ;
2 5 9 , W0F*, 5 0 ; 243, WF*, 4 8 ; 224, WF*, 50 ; 2 2 1 , V/0F*, 4;
2 0 5 ,  WF+ , 3 0 ; 1 8 6 , W+, 5 ; 1 3 2 , W3^+ , 1 0 ; 1 2 1 .5 .  W f |+ , if; 
if1 , CH CK+ , 3 0 0 ; itO, CHgCir , 2 0 0 ; 39 , eHCU+ , 2 0 0 .
R e s u l t s  o f  e le m e n ta l  a n a ly s e s  on NH^VTOF .^MeCIT a r e  g iv e n  in  
T a b le  2 . 1 9 .
TABLE 2 .1 9
E l e m e n t a l  A n a l y s e s  o f
0%
COIN»VO 1 .9 7 7.91 2 6 . 8 if NH*WOF~.HeCN requires
6 .6 0 1 .if 8 6 .9 8 2 3 .2 5 Found
6 . 9 k 1 . 6 if 8 .1 9 2 ? . 8o ft
6*k5 1 .2 1 7 .5 0 2 5 .6 9 tt
7 .2 0 2 3 .2 0 tt
7) R e a c t io n s  o f  NH^ WOF“ #MeCN.
—  --JJ.-i-.--r-T-r—r*--rr-ir ^ -nr.-.-m-r—t
/  \  JL mm( I )  W ith  n - b u t y l  l i t h i u m .  The r e a c t i o n  be tw een  NH^WOFj-.KeCN and 
31- b u t y l  l i t h i u m  was c a r r i e d  o u t  i n  a  s p e c i a l l y  c o n s t r u c t e d  
r e a c t i o n  v e s s e l  ( s e e  F ig u re  2 . 3 ) .
FIGURE 2.3,
S i n t e r e d  g l a s s  f i l t e r
n - B u t y l  l i t h i u m  i n  hexane was p u t  i n t o  one s id e  c f  th e  r e a c t i o n  
v e s s e l  w hich  was th e n  ta k e n  i n t o  a  ‘d r y - b o x ’ and KIi^WOF“ .MeCN 
p u t  i n  th e  e t h e r  s i d e .  Trie n - b u t y l  l i t h i u m  s o l u t i o n  vras } u u r o d  
t h e  s o l i d  and th e  r e a c t i o n  v e s s e l  shaken  f o r  2if h o u r s .  The 
l i o u i d  was th e n  s e p a r a t e d  from th e  s o l i d  u s in g  th e  s i n t e r e d
-  9 8  . .
g l a s s  f i l t e r  and th e  i n f r a r e d  sp ec tru m  o f  th e  a c r i d  was re c o rd e d *  
T h i s  p ro ro d  to  be i d e n t i c a l  t o  t h a t  o f  th e  s t a r t i n g  s o l i d
 O-
f’Hi, i v O.c — « .U <*/f h
(?-i)  W ith  py r i d i n e . h'H^U'OF^.MeCN ( 1 .1  g ,  3 -1 0  mmol) was co ndensed  
w i th  e x c e s s  p y r id i n e  and th e  r e a c t i o n  m ix tu re  shaken  a t  room 
te m p e r a t u r e  .o v e r n ig h t  whereupon 1 .1 3  g (2 .9 5  mmol) o f  a  d a rk  
g r e y  s o l i d ,  fo rm u la te d  a s  NE^V/OF^.py, were o b t a i n e d .  The 
r e a c t i o n  was r e p e a t e d  u s in g  d e u t e r i o p y r i d i n e  i n  p la c e  o f  
p y r i d i n e .
I n f r a r e d  Spectrum  o f  NR^WQF~.py. 3100-3000 b r , w , 2150 b r  ,w ,
160(8 k ,  1550  b r ,w , 1L00 m, 1T50  w, 1220  m, 1090  m, 1065  m,
1G40  s ,  1005  ra, 89 0 -8 6 0  b r ,m , 750 s ,  690  s ,  680  s  610  s ,
595 v s  cm7^
I n f r a r e d  Suectrum  o f  NH^WOFj-.Cr-Df-N. 3100-2900 b r ,w ,  2100 w,
 —  ------------------------------k——5— 5—3— — —
157° br^m , 1110-1120 b r ,w , 1350 w, 1025-1015 b r .m , 895 w, 830  w, 
7 1 0 -7 2 0  b r ,m , 638  s 5 595 510 m c s i J
( i i i )  Wi t  h t  r  1 m e t  hy 1 c h 1 o r  os 11 an e « NH^V/0F_ < Me Civ (0 .2 0 3  g j 0 .5 7  mr. c l )
was co ndensed  w i th  e x c e ss  Me^SiCl and th e  r e a c t i o n  m ix tu re
s h a k e n  a t  room te m p e ra tu re  o v e r n ig h t .  An i n f r a r e d  sp ec tru m  of
th e  s o l i d  m a t e r i a l  i n  th e  r e a c t i o n  v e s s e l  was i d e n t i c a l  t o
t h a t  of. th e  s t a r t i n g  m a t e r i a l ,  NH*WOF~.MeCN, i n d i c a t i n g  t h a t
no r e a c t i o n  had o c c u r r e d .  When heCk was added  t o  th e  r e a c t i o n
m i x tu r e  and i t  was a g a in  shaken  0 .8 1  g o f  a d a rk  brown c r y s t a l l i n e
was o b t a i n e d .  On th e  b a s i s  o f  i n f r a r e d  and n . m . r .  s p e c t r a l
d a t a  t h e  s o l i d  was fo rm u la te d  a s  RH^WOCl^-.heCK.
I n f r a r e d  Spectrum  o f  NK*WOCk_.HeCN. p200 w, 2930 w, 2p08 m,
2 2 8 0  m ,  1 6 8 0  b r , w , 1 1 0 5  b r a n ,  I G o O  s ,  1030  w ,  9 7 5  w ,  9 5 5  £ ,
-1
^50  v b r ,m , 338  b r , vs cm.
-  99 -
ftftlrft~-gF.ec.trum o f  17lffi;001^.KeCN. 1K &., = 2 .1  KeCN
5 .2
1 J ( E - N )  = 5 1 H s 6 .1 TT^  +x.lri.
8 ) R e a c t io n s  w i th  HoF^.
( i )  (M e ,S i )2 I#Ie (0 .1 0  g ,  2 .2 9  mmol) and MoFg (0*70 g ,  3 .3 0  mmol) 
w ere condensed  t o g e t h e r  and a l lo w e d  t o  v.rarm t o  am b ien t  t e m p e r a tu r e  
w hereupon  a  d a rk  brown s o l i d  was d e p o s i t e d .  An e l e m e n ta l  
a n a l y s i s  o f  th e  s o l i d  gave th e  fo l lo w in g  r e s u l t s : -  C, 7*58;
H, 1-55? N» 5«92; F , 3 9 -1 8 .  CELF, NMo r e q u i r e s :  C, 5 -9 5 ;  H, 1 .1 9 ;> ■+
Ift 6*96; F ,  3 7 . 81%.
I n f r a r e d  Spectrum  o f  nMoF. NMeU 2920 vw, 1530 w, 1265 w, 1020 ra,
™ °** ■ i-iilirw >i. r r r i T T . r i . - T - l - ' l ^ i - r r n T T * -  — «  — -  — •
990  w, 6 3 0 -6 1 0  b r , s , 520  b r ,m  cm! 1
( i i )  When (Me^Si^Kx-ie (0 .5 9  g? 3 -3 7  mmol) and  MoFg (0*8 g ,  3-81 mmol) 
were  condensed  t o g e t h e r  i n  th e  p re s e n c e  o f  IieCN 0 .7 7  g (3 -2  mmol)
o f  a  d a rk  brown s o l i d  were o b ta in e d .  An e l e m e n t a l  a n a l y s i s  o f  
th e  s o l i d  gave th e  f o l lo w in g  r e s u 3 . t s : -  C, 17*33; H, 2 .9 9 ;
IT, 1 1 .6 5 ;  F , 28 .03*  C H ^ F ^ M o  r e q u i r e s :  C, 1 1 .8 8 ;  K, 2 , l 8 ;
N, 11.571 F,  31-11%.
I n f r a r e d  Spectrum o f  '’HoF^KFe. MeGTFJ 3015 2950 w, 2317 m»
2297  m, 1110  w, 1360  w, 1021 w, 910 w, 718  w, 590  v s  cm71
( i i i )  E x ce ss  p y r id i n e  was d i s t i l l e d  on to  “NoF^NMe.KeCN" and 
t h e  r e a c t i o n  m ix tu re  shaken  o v e r n ig h t -  A b l a c k  s o l i d  was 
o b ta in e d  which had th e  f o l lo w in g  e l e m e n ta l  a n a l y s i s : -  C, 3 1 -5 8 ;
E, 3 .6 1 ;  N* 11 .0 0 ;  F, 2 5 .0 ? .  CgHgF^iyio r e q u i r e s :  0 , 2 5 .7 1 ;
H, 2 .8 6 ;  N, 10 .0 0 ;  F , 27.11%.
CHAPTER I I I
THE REACTIONS AND VIBRATIONAL SPECTRA OF SOME 
DERIVATIVES OF SULPHUR HEXAFLUORIDE•
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INTRODUCTION
The s u l p h u r  f l u o r i d e s  which  a r e  t h e m o  d y n a m ic a l ly  s t a b l e  ' 
v jirh  r e s p e c t  t o  th e  e le m e n ts  s u lp h u r  and f l u o r i n e  a r e  th o s e  
found  f o r  sui.ph.ur i n  th e  v a le n c y  s t a t e s  o f  s i x  o r  f o u r  w h i le  
d i v a l e n t  s u lp h u r  f l u o r i d e s  r e a d i l y  d i s p r o p o r t i o n a t e * '  F o r o t h e r  
s u l p h u r  h a l i d e s ,  u n l e s s  o th e r  l i g a n d  atom s such  a s  oxygen a r e  
p r e s e n t ,  t h e  s t a b l e  v a le n c y  s t a t e  i s  two* The o n ly  b i n a r y  
h a l i d e  o f  t e t r a v a l e n t  s u lp h u r  i s  s u lp h u r  t e t r a f l u o r i d e , SF^.
T h i s  i s  a  v e ry  r e a c t i v e  g a s ,  th e  c h e m is t ry  o f  w hich  h a s  been  
s t u d i e d  e x t e n s i v e l y  and has  been summarised i n  s e v e r a l  r e v ie w  
a r t i c l e s  £135,136 J .  S u lp h u r  h e x a f l u o r i d e , SF^ and d i s u l p h u r  
d e c a f l u .o r i d e , a r e  th e  two b in a ry  f l u o r i d e s  o f  h e x a v a le n t
s u lp h u r*  They can  b o th  be p re p a re d  by th e  f l u o r i n a t i o n  o f  
s u l p h u r  und.er v a ry in g  c o n d i t i o n s  and were th o u g h t  i n i t i a l l y  t o  
have  s i m i l a r  c h em ica l  p r o p e r t i e s .  However, was found
t o  be a  p o w e rfu l  o x i d i s i n g  a g e n t  and i t  u n d e rg o e s  r e a c t i o n s  
w i t h  h a lo g e n s  and u n s a t u r a t e d  h y d ro ca rb o n s  £1 3 5 ,1 3 7 1 . 
on th e  o t h e r  hand , has  been  found t o  be a lm o s t  c h e m ic a l ly  
i n e r t .  I t s  r e l u c t a n c e  t o  undergo c h e m ic a l  r e a c t i o n s  h a s  been  
e x p l a in e d  i n  te rm s  o f  k i n e t i c  r a t h e r  th a n  therm odynam ic f a c t o r s ,  
s i n c e ,  f o r  exam ple , th e  f r e e  ene rgy  o f  h y d r o l y s i s  o f  SFg i s  
f a v o u r a b l e
SF^(g) + 3Ko0 SO-, + 6HF AG = —48  K ca l  mole
6 <- h
The r e a c t i o n ,  how ever, does n o t  t a k e  p l a c e .  D i r e c t  a t t a c k  
o f  n u c l e o p h i l e s ,  such  a s  th e  h y d ro x y l i o n ,  on th e  s u lp h u r  atom 
on c o v a l e n t l y  s a t u r a t e d  SFg co u ld  o n ly  t a k e  p la c e  by e x t e n s i v e  
e l e c t r o n i c  r e a r ra n g e m e n t  and may be e x p e c te d  t o  be d i f f i c u l t .
T h is  means t h a t  s u b s t i t u t e d  d e r i v a t i v e s  o f  SF^ c a n n o t  be made from
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Si-V« o t h e r  r o u t e s  to  them have had to  he d e v i s e d .  Lower f l u o r i d e s  
c a n  be a t t a c k e d  and a r e  r e a c t i v e .  S i m i l a r l y ,  exchange  o f  
f l u o r i n e  o c c u r s  r e a d i l y  betw een SF, m o le c u le s  b u t  n o t  a t  a l l  
b e tw ee n  th o s e  o f  SF^ [ 138] ,  SFg does undergo  r e a c t i o n s  w i th  
e l e c t r o p h i l e s ,  o f  th e  t y p e : -
200°C
SF/- + A1C1- ----- A1F + 01 o + S„C10 [139;io 3 ol , 3 2 2 22 1\- h r  ^
and i t  h a s  been  p o s s i b l e  u n d e r  ex trem e c o n d i t i o n s  t o  a c c o m p li s h  
r e a c t i o n s  betw een  SFg and m e ta l s  [ 1^0] .
A c o n s i d e r a b l e  e f f o r t  has  been made t o  p roduce  s u b s t i t u t e d  
d e r i v a t i v e s  o f  SFg w i th  a  view to  e x p l o i t i n g  i t s  s t a b i l i t y  f o r  
i n d u s t r i a l  p u r p o s e s .  . T h is  has  r e s u l t e d  i n . t h e  s y n t h e s e s  o f  many 
p e r f l u o r o a l k y l  d e r i v a t i v e s  o f  SF^, th e  p r o p e r t i e s  o f  w h ich  have 
b e e n  re v ie w e d  s e v e r a l  t im e s  [ 1 if 1 s 1A-2] . S in ce  SF^ i t s e l f  was o f  
l i t t l e  u se  i n  s y n t h e s i s i n g  them most were made by th e  o x id a t i v e  
f l u o r i n a t i o n  o f  a l i p h a t i c  t h i o l s  and d i s u l p h i d e s .  These 
p e r f l u o r o a l k y l  compounds, R^SF^, tu r n e d  o u t  t o  be r a t h e r  u n r e a c t i v e  
n o n - t o x i c  l i q u i d s  and g a s e s .  A s tu d y  o f  t h e i r  n . m . r .  s p e c t r a  
showed t h a t  th e  SF- groun c o n ta in e d . tw o  d i f f e r e n t  ty p e s  o f  
f l u o r i n e  atom s w i th  th e  s t e r e o c h e m i s t r y  b a s e d  on a  pyram id  
h a v in g  f o u r  e q u a t o r i a l l y  and one a x i a l l y  s u b s t i t u t e d  f l u o r i n e  
a to m s ,  a s  shown i n  F ig u re  3»1
FIGURE 3*1 
F
The s y n t h e s i s  o f  th e  compound s u lp h u r  c h l o r i d e  p e n t a f l u o r i d e , 
SF^C l, meant t h a t  a p r e c u r s o r  was a v a i l a b l e  f o r  th e  p r e p a r a t i o n  
o f  i n o r g a n i c  and o rg a n ic  s u lp h u r  p e n t a f l u o r i d . e s .  SF^Cl was 
f i r s t  r e p o r t e d  by George and C o tto n  i n  1939 C lh p ] .  They p a s s e d
and Cl th ro u g h  a m ore l tu b e  a t  33C°C and
t e n u a t i v e l y  i d e n t i f i e d  t h e i r  p r o d u c t ,  on th e  b a s i s  o f  mass
s p e c t r a l  e v id e n c e ,  a s  S JnC l,  R o b e r ts  r e p o r t e d  i n  i 9 6 0 , a s  a
new compound, th e  p ro d u c t  o f  a  r e a c t i o n  i n v o l v in g  th e  f l u o r i n a t i o n
o f  SCl^ £ 1 .  T h is  was c h a r a c t e r i s e d  by i n f r a r e d  s p e c t r o s c o p y
a s  SPj-Cl and p roved  to  be th e  same compound a s  t h a t  r e p o r t e d
by G eorge and C o t to n .  S ince  th e n  th e  most s u c c e s s f u l  r o u t e s
t o  SF(_C1 a r e  th o s e  d i s c o v e re d  by H u e t t e r t i e s  and c o -w o rk e r s :~
3F^ + C l2 + CsF — » SFp.01 + CsCl [1^3]
and  a r e v i s e d  method by R o b e r ts  a t  a l . : -
SF. + GIF — * SFf-Cl4. 3
SF^Cl i s  a  c o l o u r l e s s  gas  ( B .P t .  = -21°C) and i t s  s t r u c t u r e ,
w h ic h  h a s  been e s t a b l i s h e d  from a  s tu d y  o f  i t s  microwave s p e c tru m
C1 V 7 ] , i s  t h a t  o f  a m o n o s u b s t i tu te d  o c ta h e d r o n .
The c h e m is t ry  o f  SF^-Cl has been  dom inated  by i t s  a b i l i t y
t o  fo rm , w i th  e a s e ,  th e  SF- r a d i c a l .  T h is  can  be a c h ie v e d3
e i t h e r  t h e r m a l l y  o r  p h o tc c h e rn ic a l ly .  I t  has  been  found t h a t  
a l t h o u g h  SFj-Cl does  n o t  r e a c t  'w i th  s a t u r a t e d  h y d ro c a rb o n s  
i t  ad d s  a c r o s s  m u l t i p l e  bonds i n  u n s a t u r a t e d  sy s tem s  such  a s  
o l e f i n s  o r  a c e t y l e n e s  i n  r e a c t i o n s  o f  th e  t y p e : —
SFj_Cl + RCH=CH2 — ¥ RC.EC1-CH2 SF5 [ 1 ^ 8 , -i
The p r o d u c t s  o b ta in e d  i n  th e s e  r e a c t i o n s  w i th  o l e f i n s  o r  f l u o r o -  
o l e f i n s  a r e  g e n e r a l l y  th o s e  e x p e c te d  i f  SF^Cl r e a c t s  by a  f r e e  
r a d i c a l  mechanism* Isom ers  can  be o b ta in e d  and s e p a r a t e d  by 
g a s  ch rom atog raphy  b u t  so f a r  no compounds have been  s y n t h e s i s e d  
c o n t a i n i n g  two -SF,_ g ro u p s .
E vidence  f o r  th e  e x i s t e n c e  o f  th e  a n io n  was f i r s t
d i s c u s s e d  by H u e t t e r t i e s  e t  a l . C 1 A3 J * A 1 :1  ad d u c t  ol Csl  and
SF <T? ve a w h ite  oowder which a n a ly s e d  a s  CsSFr . They c o n c lu d e dh  0 J
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t h a t  th e  compound was a  s a l t  c o n t a i n i n g  tl ie  a n io n  SF~. Cl~
S rl
c o n v e r t e d  t h i s  s a l t  t o  SF^Cl a t  60°C; a  t e m p e r a tu r e  much lo w er
th a n  t h a t  r e q u i r e d  f o r  th e  s y n t h e s i s  i n v o l v in g  SF , CsF and 0 1 ^ .
They t h e r e f o r e  s u g g e s te d  t h a t  Cs+SF~ i s  an i n t e r m e d i a t e  i n
3
t h i s  s y n t h e s i s  and t h a t  th e  r a t e  d e te rm in in g  s t e p  i s  th e  a b s o r p t i o n
o f  SF^ by C sF :-
CsF + SF. Cs+SF~A 3
The a n io n  SF^ h as  a l s o  been made by th e  r e a c t i o n : -
SF, + Ke.NF — > Me. N+SF“ [130]A A A 3
S evera l ,  r e a c t i o n s  have been  r e p o r t e d  where i t  i s  n o t  c l e a r  
w h e th e r  SF^Cl was r e a c t i n g  a s  SF* and Cl* r a d i c a l s ,  a l th o u g h  
i n  some c a s e s  i t  seems l i k e l y  t h a t  i t  w as. These r e a c t i o n s  
a r e  d e s c r ib e d  b e lo w : -
i )  W ith  CO and F e (C 0 ) r-. A ttem p ts  to  p r e p a r e  i r o n  c a r b o n y l
d e r i v a t i v e s  c o n t a i n i n g  g roups  by th e  r e a c t i o n  o f  SF^Cl
w i th  Fe(C0')r_ were u n s u c c e s s f u l .  The o n ly  p r o d u c t s  i s o l a t e d  
3
e r e  brown s o l i d s  c o n t a in in g  t e r m in a l  CO g ro u p s  b u t  no S -F  b o n d s „w
When CO was r e a c t e d  w ith  SF^Cl, C0FC1 was th e  p r e d o n in a n t  
p r o d u c t  [ 1 3 1 ] .
^  W ith  Bp Q'IKe^ ) ^ .  F l u o r i n a t i o n  o f  B2 (MKe2 ) 2 w i t h  an  e x c e s s  
o f  SFj_Cl gave BF^, C l2 and SF^ [ 1 3 2 ] .
i i i )  W i t h PhPIC=CEFh. P t ( PPli^) 2 . When PhlIC=CHPh.Pt(PPh^ ) 2 and 
S F -C l were mixed t o g e t h e r  a  h ig h  y i e l d  o f  an  o range  s o l i d ,
3
P tC l (S F ^ ) (P P h ^ )2 , was i s o l a t e d  [ 1 3 3 ] .
i v )  W ith  Amines. SF^Cl and Me^N r e a c t e d  i n  th e  f o l lo w in g  way:- 
SF Cl + '2KKe,, SF,-C1.2KMe7 (v?hite s o l i d )
- 7 S  X * ° °
s f . + (Ho--]..- )? c:
I t  was s u g g e s te d  t h a t  th e  w h ite  s o l i d  hcid th e  fo rm u la
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2 -f «  _
(M  J k i k e 7 ) -C l  S F " ,  an a lo g o u s  to  Cs^SF" and Me, N+SF*. W ith  
a  p r im a r y  amine th e  r e a c t i o n  was a s  fo l lo w s
2SF-C1 •¥ 2|KehTI2 — 4  HeR=NMo.HC1.EF -i- M elu^.IJCl -
MeNSFp
The compound SF^Er has  a l s o  been, p r e p a re d  and r e a c t i o n s
s i m i l a r  to  th o s e  o f  SF^Cl can  be c a r r i e d  o u t  u s in g  i t  [154 ]*
SP._I h a s  n o t  been  i s o l a t e d .3
The s y n t h e s i s ,  i n  1 9 6 9 , o f  CFJSF^CI by th e  f o l lo w in g  
r e a c t i o n ,
C F S F -  + C l-  + CsF — > CF7SF. C l [15333 3 ^ 5 4
made a v a i l a b l e  th e  g ro u p in g  -SF, Cl which c o u ld  be in t r o d u c e d
Hr
i n t o  o r g a n ic  d e r i v a t i v e s .  R e a c t io n s  s i m i l a r  t o  th o s e  c a r r i e d  
o u t  f o r  SFj-Cl have been  s t u d i e d  u s in g  CF^SF^Cl [1 5 6 3 .
I t  was th e  aim o f  th e  work d e s c r ib e d  i n  t h i s  c h a p t e r  t o  
e x t e n d  t h e  c h e m is t ry  o f  SF^Cl by s tu d y in g  i t s  r e a c t i o n s  w i th  
some p h o s p h o r u s ( I I I )  d e r i v a t i v e s .  These were c h o sen ,  ? s  a 
p r e l i m i n a r y  i n v e s t i g a t i o n  i n  t h i s  d ep a r tm en t o f  a  r e a c t i o n  
b e tw ee n  d ip h e n y lc k lo ro p h o s p h in e , Ph2 PCl, and SF^Cl s u g g e s te d  
t h a t  t h e  o x i d a t i o n  o f  P ( I I I )  t o  P(V) was ta id ing  p la c e  [1 5 7 3 .
I t  was th o u g h t  t h a t  such  an o x id a t io n  p r o c e s s  c o u ld  t a k e  p la c e  
by  th e  a d d i t i o n  o f  SF^ and C l# r a d i c a l s  t o  th e  lo n e  p a i r  o f  
e l e c t r o n s  on P ( I I I )  and m ight l e a d  t o  P - S - F ' l i n k a g e s .
When t h i s  work was s t a r t e d  l i t t l e  i n f o r m a t io n  had been  
p u b l i s h e d  ab o u t  th e  i n f r a r e d  and. Raman s p e c t r a  o f  s u b s t i t u t e d  
SF^ d e r i v a t i v e s .  D e ta i l e d  s t u d i e s  were c o n f in e d  t o  SF^Cl [1333 and 
CF SF [ 1 5 8 . 1 5 9 3 . T h e r e f o r e ,  th e  v i b r a t i o n a l  s p e c t r e  o f  a
3 5
s e r i e s  o f  s u b s t i t u t e d  SFg compounds have been  s t u d i e d .  These
o f  which werec h o se n  were CF^SF^Cl, CF^SF^CF^CF^Cl, beta, 
p r e p a r e d  in  t h i s  d e p a r tm e n t ,  SF^CF^Ci^Cl and Si<^Fi=CH^, b iuoe
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t h e  commencement o f  t h i s  work two p a p e r s  have a p p e a re d  c o n t a i n i n g  
i n f r a r e d  and Raman d a t a  on s i m i l a r  S ( I I ) ,.  S (IV ) and S(Vl') 
d e r i v a t i v e s  L t6 0 , 161]*
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SUMMARY C? REACTIONS
1 . 'S F  Cl . + PhPCl2  > PhFF,. + SC12 + C l?
2 .  S F -C l + Pk-PCl —4  P h-FF , + ' SCI- + Cl_3 2 2 5 2 2
3 .  SF^Cl + MePCl2  — ) MePFi. + SC12 + C12
4 .  SF^Cl + P(OMe)^ — £ (I*!eO)2 PF2 OPF? (OMe)2 ?
+ C l -  + S + w h i te  
2
5 .  SFj-.Cl + . P (M e 2 .)3 —4  F2P(l\l!e2 )^  + SF^ +
6 .  SF-C l + PPh7 *—> no r e a c t i o n
5 5
7 .  SF-C l + PCI- . — > no r e a c t i o n
5 3
+ w h i te  s o l i d
s o l i d
brown s o l i d
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R E S F li’G
R e a c t io n s  o f  b u lp h u r  C h lo r id e  P e n t a f l u o r i t e w i th  pj-ior.r-hi  n o s .
A) W ith  P h e n y l -  and D in h en v lch lo ro rh o s -o h in e . SF-Cl r e a c t s■ — • ■  *--------------------  — 5
vruth p h e n y ld ic h lo r o p h o s p h in e , PhPCl^ and d ip h e n y lc h lo r o p h o s p h in e , 
P lu P C l i n  a  1:1 m o la r  r a t i o  below rccm te m p e ra tu r e  t o  p roduce ' 
t h e  f lu o r c p h o s p h o r a n e s  PhPF, and- PhpPP^ r e s p e c t i v e l y .  I nT" A
a d d i t i o n  t o  th e s e  P(V) f l u o r i d e s ,  SClg, SF^Cl and a  t r a c e  
amount o f  Gl^ a r e  o b se rv ed  a s  v o l a t i l e  p r o d u c t s  i n  ea c h  c a s e .
I t  h a s  been  n o te d  t h a t  when a l a r g e  e x c e s s  o f  Ph^PCl i s  r e a c t e d  
w i t h  SFcC l some SF. i s  formed [1 5 7 ] ,bc
B) W ith  M e th y ld ic h lo ro p h o s p h in e . When SF^Gl r e a c t s  w i th  
m e th y ld i c h lo r o p h o s p h in e , MePCl^, th e  ph.osphorane HePF^ i s  
o b s e rv e d  a s  a  v o l a t i l e  p ro d u c t  a lo n g  w i th  S C l^ ,  d p  ^md e x c e s s  
SFj-Clo However, th e  m ajo r p ro d u c t  i s  a w h i te  s o l i d  s o l u b l e
i n  MeCN w hich  a n a l y s e s  a s  CH, -C l^F P . I t s  i n f r a r e d  sp e c tru m
i n d i c a t e s  th e  p re s e n c e  o f  P-Cl and P->F bonds* i !he co m p le te
1s p e c t ru m  i s  g iv e n  i n  th e  E x p e r im en ta l  s e c t i o n .  When th e  H
i  Q 19and yF n . m . r .  s p e c t r a  were r e c o rd e d  i n  CD^CN, no F s i g n a l
1was o b ta in e d  and th e  E spectrum  c o n s i s t e d  o f  a  s i n g l e  p eah  
a t  5 -• 2 ,72ppm . T h is  i s  a r a t h e r  low c h e m ic a l  s h i f t  and may 
c o r r e s p o n d  t o  a  g ro u p in g  such a s  CICH^-* I t  i s  th o u g h t  t h a t  
t h i s  compound i s  a  s a l t  b u t  f u r t h e r  i n v e s t i g a t i o n s  o f  i t s  
p r o p e r t i e s  a r e  n e c e s s a r y  b e fo re  i t  can  be i d e n t i f i e d .
C) W ith  T r im e th y lp h o s p h i t e * SF^Cl and t r i m e t h y l p h o s p h i t e ,  
P(OMe) , r e a c t  e x o th e r m ic a l ly  below room te m p e r a tu r e  t o  
■produce a  complex m ix tu re  o f  p ro d u c e s .  Tne v o l a t i l e  p r o d u c ts  
c o n s i s t  o f  SF^, S ( 0 )p2 (a  t r a c e  am oun t) ,  an< -^ a  c o l o u r l e s s
l i q u i d  which i s  n o t  v e ry  v o l a t i l e .  iwo s o l i d s  a r e  forj.;ec.$ a
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w h ite  s o l i d  s o lu b l e  i n  Me CF and. a t r a c e  amount o f  a  y e l lo w  
s o l i d  w hich  i s  s o lu b l e  i n  CS and i s  assumed t o  be s u lp h u r -  The
c_
w h ite  s o l i d  was n o t  i d e n t i f i e d *  The n .m .r*  s p e c t r a  o f  th e
c o l o u r l e s s  l i q u i d  a r e  g iv e n  b e lo w :-  
1 -K 6 = 3*55 d o u b le t  J(PH) = 1h*?Hs
6 ■= - 6 2 .2  d o u b le t  J (PF )  = 733Hs
1The H c h e m ic a l  s h i f t  s u g g e s t s  th e  p re s e n c e  o f  a m e th y l  g roup  .
a t t a c h e d  to  oxygen w h ile  th e  c o u p l in g  c o n s t a n t  i s  c o n s i s t e n t  w i th
th e  p r e s e n c e  o f  P-OKe l i n k a g e .  The e x i s t e n c e  c f  P-F  bonds i n  th e
19compound i s  co n f irm ed  by i t s  F n . m . r .  sp ec tru m  w hich i s  a
d o u b l e t .  T here  a r e  no p e a k s - in  th e  i n f r a r e d  s p e c tru m  o f  th e
compound ( d e t a i l e d  i n  th e  E x p e r im e n ta l  s e c t i o n )  i n  th e  r e g io n  
-11350-1250  cm. » w hich e l im i n a t e s  th e  p re s e n c e  o f  a  P=0 bond 
i n  t h e  m o le c u le .  The n . m . r .  p a ra m e te rs  o b ta in e d  h e re  a r e  
i d e n t i c a l  t o  th o s e  observed  f o r  a p ro d u c t  o f  a r e a c t i o n  be tw een
SF, and P(OMe)^ w hich o c c u r re d  a t  v*-100°C when th e  r e a c t a n t s
4 • 5
w ere a l lo w e d  to  warm up from -196°C [ 1 6 2 ] .  The p ro d u c t  was 
n o t  i d e n t i f i e d  b u t  was p o s t u l a t e d  a s  (MeO)2 PF2 GPF2 (QMe) 2 formed 
b y : -  .
2(MeO) PF? :— » (MeO)2PF2 OPF2 (GMe) 2 + 2Me2 0
D im e th y le th e r  was i d e n t i f i e d  a s  a  p r o d u c t .  I f  th e  compound 
w ere  (MeO)2PF2 OPF2 (OKe) 2 i t  would be th e  f i r s t  example o f  two 
f i v e  c o o r d in a t e  P(V) atoms l i n k e d  by an  oxygen b r i d g e .  However, 
i t  seems p ro b a b le  t h a t  i t  would r e a r r a n g e  and more l i k e l y  
s t r u c t u r e s  f o r  th e  u n i d e n t i f i e d  p h o sphorus  compound a r e :  —
MeOv (Me0 )2 p__ -0
> r— ? S
5 T
V
r 2 l  JgOMe or I,___ h (0Mc)2
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-•.Les-e a r e  c o n s i s t e n t  w ith  tn e  i n f r a r e d  and n . m . r .  s p e c t r a
gos e r v e d  bur. rne  r e a c t i o n  w i l l  have to  be s t u d i e d  i n  more
d e n a r i  o e io re  an  unambiguous i d e n t i f i c a t i o n  can  be made.
i t r t h  T rrsd im ethy lam ino -pnosph ine- The r e a c t i o n  be tw een
t r  i  s  d ime t  hy lam l no p h o s n h in e , P (B ie 0 ).,, and SF-Cl was o n ly  s t u d i e dd y  t> J
b r i e f l y  a s  they r e a c t  e x p lo s iv e ly  i n  g l a s s  r e a c t i o n  v e s s e l s ,  
khen  th e  r e a c t i o n  i s  c a r r i e d  ou t i n  a monel bomb a  m ix tu r e  o f  
t h r e e  v o l a t i l e  p ro d u c ts  i s  o b ta in e d ,  S ( 0 )F 2 ( a  t r a c e  amount)
a.nd a. c o l o u r l e s s  l i q u i d  which has  an in f r e . r e d  s p e c tru m  v e ry  
s i m i l a r  t o  t h a t  o f  F^PCKKe^)^ [1633• A y e l low -b row n  u n i d e n t i f i e d  
s o l i d  i s  l e f t  i n  th e  bomb.
£) O th e r  R e a c t io n s .  SF,_C1 does n o t  r e a c t  w i th  e i t h e r  PC1_ o r  — ------ ,-----------— - 5 3
PPh., .p
D i s c u s s i o n  o f  R e a c t io n s . SF^-Cl does n o t  add to  th e  lo n e  p a i r  
o f  e l e c t r o n s  on P ( I I I )  a s  SF® and Cl* r a d i c a l s  b u t  does  a c t  
a s  an  o x i d a t i v e  f i u o r i n a t i n g  a g e n t .  T h is  o x i d a t i o n  o f  P ( I I I )  
t o  P(V) t a k e s  p la c e  un d er  v e ry  m ild  c o n d i t i o n s .  S i m i l a r  
o x i d a t i v e  f l u o r i n a t i o n s  o f  th e  ty p e ,
3PPC12 + IF F ,  — 3RPF^ + 2M + 2KC1^ M = £b,.
t a k e  p l a c e ^ 5 0 ° C  o ver  a  p e r io d  o f  two h o u rs  [ 1 6 k ] .  These r e a c t i o n s  
w ere i n v e s t i g a t e d  by S chm utz le r  who a l s o  s t u d i e d  r e a c t i o n s  
b e tw ee n  c h l o r o p k o s p h i t e s ,  (E0 )nPCl^_n , d i a l k y l a m i n o d i c h l o r o -  
p h o s p h in e s ,  (R ^N ^C l^  n, and Group(V) f l u o r i d e s  [ 1 6 5 ,1 6 6 ] .  He 
fo u n d  no ev idence , i n  th e s e  l a t t e r  r e a c t i o n s  f o r  o x i d a t i o n -  
r e d u c t i o n  p r o c e s s e s  l e a d in g  to  f lu o ro p h o s p h o ra n e s .  Some 
r e a c t i o n ,  how ever, was observed  betw een ( Bu)^P and SbF_ b u t  
th e  p r o d u c t s  co u ld  n o t  be i d e n t i f i e d  [ i 6 7 j .  o c h m u tz le r  
c o n c lu d e d  t h a t  f o r  o x id a t io n  to  rake  p ie c e  iu  w^s n e c e s s a r y
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co uave e l e c t r o n  a o n a t in g  s u b s t i t u e n t s  and a t  l e a s t  one ch 3.o p in e  
oj:i a t t a c h e d  to  pnospnorus*  The m echaiisni f o r  th e  o x i d a t i v e  
l l u o r m a t i o n  p ro c e s s  i s  th o u g h t to  be v i a  an a d d u c t  o f  th e  ty p e  
GlpItP.MF- fo l lo w e d  by f l u o r i n e  c h l o r i n e  e x ch a n g e .
I n  view o f  th e  f a c t  t h a t  th e  r e a c t i o n  be tw een  3F_C1 and
• 5
F(Gl;.e)^ p ro d u c e s  th e  same p ro d u c t  a s  t h a t  be tw een  SF^ and P(OMe)^,
i t  seems l i k e l y  t h a t  S F^is  an in t e r m e d i a t e  i n  th e  f l u o r i n a t i o n :
r e a c t i o n s  d e s c r ib e d  i n  t h i s  work.
3F^ has  been  found to  f u n c t i o n  a s  an o x id a t i v e  f l u o r i n a t i n g
a g e n t  to w a rd s  p h o sp h in es  o f  v a r io u s  k in d s  t o  p roduce  f l u o r o -
p h o s p h o r a n e s : -
PPh- + SF. — Ph7PF- L168]5 k  3 2
F a i r l y  s t r i n g e n t  c o n d i t i o n s  were r e q u i r e d  f o r  PPh^ (^10 h o u rs
a t  100 - 150°C) b u t  PMe^ was r e a d i l y  c o n v e r te d  a t  room te m p e r a tu r e
t o  Me^PF2 [ 169 ]*
Some SF-Cl was r e c o v e re d  i n  most o f  th e  r e a c t i o n s  h e re  
5
w i th  p h o sp h in e s  w hich s u g g e s t s  tha t-  th e y  do n o t  r e a c t  i n  an  e x a c t l y  
1 :1  m o la r  r a t i o .
A p o s s i b l e  r e a c t i o n  scheme f o r  th e s e  o x i d a t i v e  f l u o r i n a t i o n s  
i s  t h e  a d d i t i o n  o f  th e  r a d i c a l .  F* t o  th e  p h o sp h o ru s  a t o m s : -
PhPCl2 + SF^Cl PhPF2 C12 + SFh + SC12 + 2 F *
PhPF2 C l2 + SF^ + F* ——> PhPF^ + SC12 + C l2
The a d d i t i o n  s t e p  ( i )  cou ld  ta k e  p la c e  w i th  each  o f  th e  p h o sp h o ru s  
compounds* The in t e r m e d ia te  formed by th e  a d d i t i o n  o f  2F to  
P(-OMe), would be th e  a lk o x y f lu o ro p h o sp h o ra n e  F? P (0K e)T. Compounds 
o f  t h i s  ty p e  have been shown to  be th e rm o d y n am ica l ly  u n s t a b l e  [ 1 ^w I 
and  i t  i s  l i k e l y  t h a t  F2P(QMe)^, i f  form ed, would r e a r r a n g e  
to  form a  c y c l i c  compound* The r e a c t i o n  scheme would s to p  u.t
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v. j .. /  ,  oji'ds so Hi 6 oi ^  i s  observed  « Tnc cop. pounds form ed by the-
c x 'd i t i o n  c f  d¥* t o  the  c l i lo ro p l io sn h ir .e s ,  R P C I end P (M > ). ,  n - ~ _ _ n  . . . _ w . . ^ 2^3
would oe s t a b l e  and. th u s  a re  e i t h e r  i s o l a t e d ,  a s  w i th  F(E>'e.. ) „ ,«d p
o r  f u r t h e r  f l u o r i n a t e d ,  a s  w ith  P PCI- . The fo rm a t io n  o f  th en 3 -n
w h i te  s o l i d  i n  t h e  r e a c t i o n  o f  SF^Cl w i th  KePCl^ nay  be due to  
t h e  i n t e r m e d i a t e  r e a c t i n g  w ith  th e  c h l o r i n e  p ro d u c e d ;  i t  i s  
p o s s i b l e  t h a t  th e  m ethy l group i s  c h l o r i n a t e d *
An a l t e r n a t i v e  r e a c t i o n  scheme i s  p o s s i b l e .  The r a d i c a l s  
F*and Cl* c o u ld  add to  th e  P ( I I I )  a to m s : -
.Ph2 PCl + SF^Cl — * Ph2PFCl2 + SF^ ( i )
rn^PFC l^  + S F P h 2 PF^ + SC12 ( i i )  
A r e a c t i o n  scheme o f  t h i s  type  would e x p l a in  why no SC12 i s  
o b s e rv e d  when SF-Cl r e a c t s  w i th  P(OKe)_* FClP(OI-le)- c o u ld  a l s o5 3 3
r e a r r a n g e  t o  form a c y c l i c  compound, t h e r e f o r e ,  t h e ' r e a c t i o n  
w o u ld -a g a in  s to p  a t  ( i ) .  I t  i s  j j o s s ib le  t h a t  b o th  r e a c t i o n  
schem es can  and do ta k e  p lace*
The f a c t  t h a t  no r e a c t i o n  i s  observed  w i th  PCl^ s u g g e s t s  
t h a t ,  a s  w i th  th e  c h l o r o p h o s p h i t e s , (R O j^ P C l^ ^ ,  s t u d i e d  by 
S c l im u tz le r ,  th e  phosphorus  atom must have a t  l e a s t  one e l e c t r o n  
d o n a t i n g  s u b s t i t u e n t  b e fo re  i t  can be o x i d a t i v e l y  f l u o r i n a t e d .  
P re su m ab ly  th e  e l e c t r o n  d o n a t in g  group i s  n e c e s s a r y  to  i n c r e a s e  
t h e  b a s i c i t y  o f  th e  P ( I I I )  atom. I t  i s  p ro b a b le  t h a t  th e  
b u l k i n e s s  o f  th e  t h r e e  phenyl g roups a round  p h osphorus  i n  PPh^
I s  r e s p o n s i b l e  f o r  th e  la c k  o f  r e a c t i o n  be tw een  SF^Cl and P P h - .  
P e rh a p s  th e  u se  o f  more s t r i n g e n t  c o n d i t i o n s ,  such  a s  th o s e  
u s e d  in  th e  r e a c t i o n  o f  w ith  PPh,,, m igh t cau se  uhem to  
r e a c t .
The mechanisms proposed  above may be checued i n  s e v e r a l
-  112 -
w a y s *  T h e  r e a r r a n g e m e n t  o f  t h e  i n t e r m e d i a t e ,  e i t h e r  F o P ( 0 M e ) _
c- >
o r  F C 1 F (  O K e ) . . ,  t o  f o r m  a  c y c l i c  c o m p o u n d  s h o u l d  b e  a c c o m p a n i e d  -/ ~ -*
o y  t h e  e l i m i n a t i o n  01 e i t h e r  H e F  o r  l i e  C l .  T h e  p r e s e n c e  o f  t h e s e
c o u l d  b e  d e t e c t e d  b y  i n f r a r e d  s p e c t r o s c o p y .
P h P C l p  a n d  SF^.C.1 w e r e  c o n d e n s e d  i n t o  a n  n . m . r . ,  t u b e  a n d
a l l o v ; e d  t o  w a r m  u p  s l o w l y  i n  t h e  n . m . r .  s p e c t r o m e t e r  f r o m  — 7 8 ° C  
— o
t o  + 33  C i n  a n  a t t e m p t  t o  i d e n t i f y  a n y  o f  t h e  i n t e r m e d i a t e  
s p e c i e s  p o s t u l a t e d ,  f r o m  t h e i r  n . m . r .  s p e c t r a .  H o w e v e r ,  o n l y  
S F j - C l  a n d  P h P F ^  w e r e  o b s e r v e d ,  b u t  a  r e i n v e s t i g a t i o n  o f  t h i s  
a n d  t h e  o t h e r  r e a c t i o n s ,  u n d e r  m o r e  c o n t r o l l e d  c o n d i t i o n s ,  
p e r h a p s  e m p l o y i n g  a  s o l v e n t  t o  m o d e r a t e  t h e  s p e e d  o f  t h e  r e a c t i o n s ,  
m i g h t  p r o d u c e  s o m e  e v i d e n c e  . f o r  t h e  e x i s t e n c e  o f  t h e  i n t e r m e d i a t e s .
T h e  r e a c t i o n s  d e s c r i b e d  h e r e  i n v o l v i n g  S F ^ C l  a s  a n  
o x i d a t i v e  f l u o r i n a t i n g  a g e n t  c e r t a i n l y  s u g g e s t  t h a t  t h e  c h e m i s t r y  
o f  S F - C l  i s  n o t  c o n f i n e d  t o  t h a t  o f  t h e  S F *  r a d i c a l  a n d  i t  m a y  
p r o v e  u s e f u l  a s  a  f l u o r i n a t i n g  a g e n t  w h e n  v e r y  m i l d  c o n d i t i o n s  
a r e  r e q u i r e d .
I n f r a r e d  a n d  R a m a n  S p e c t r a  o f  CF^SF^ C l •
W h e n  t h e  c o m p o u n d  C F ^ S F ^ C l .  i s  p r e p a r e d  f r o m  C F y S F - ,  C s F  a n d  
C l 2 , t h e r e  i s  t h e  p o s s i b i l i t y  o f  t h e  f o r m a t i o n  o f  b o t h  c i s  a n d  
t r a n s  i s o m e r s .  T r a n s  i s o m e r s  h a v e  b e e n  r e p o r t e d  f o r  X S F ^ Y , 
w h e r e  X a n d  Y w e r e  t w o  p e r f l u o r o a l k y l  g r o u p s  [ 1 7 1 , 1 7 2 , 1 7 3 1 ,  b u t  
n . m . r .  s p e c t r a  o f  d i s u b s t i t u t e d  d e r i v a t i v e s  c o n t a i n i n g  S~0  
l i n k a g e s  ( X , Y  = 0 S 0 2 F  [ 1 7 4 3 ,  O S F ^  [ 1 7 5 3  a n d  OCF^  [ 1 7 6 ] ) ,  s h o w e d  
t h e  p r e s e n c e  o f  o n l y  t h e  c i s  i s o m e r s .  T h e  o n l y  r e p o r t e d  c a s e  i n  
w h i c h  b o t h  o f  t h e  p o s s i b l e  i s o m e r s  o f  a  c o m p o u n d  XSF Y h a v e  b e o n  
i s o l a t e d  i s  t h a t  o f  ( C F ^ C F S F ^ S F . ,  [ 1 7 7 3  w h e r e  t h e  i s c m c r s
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v>6i'fr t;6 Tic-.Tc i (•.'d. by g a s  c h r o m a ! c g r a p h y  find a g a i n  c h a r a e  t o r i r e d  b v
19..12. x n . r * s j _ j e c t r o s c o p y .  m e  * j? n . m . r .  sv>oc t r u ^  o f  C F  C '1’’ C i3
i n d i c a t e s  t h a t  o n l y  t h e  t r a n s  i s o r . c r  i s  f o r m e d  [ 139 . ] .  I t  i s
p o s s i b l e ,  b o t n  w i t h  C F 7 S F ,  C l  a n d  t h e  o t h e r  d e r i v a t i v e s  w h e r e
o n l y  t h e  t r a n s  i s o m e r  w a s  f o u n d ,  t h a t  t h e  c i s  i s o m e r  w a s  f o r m e d
b u t  i t s  p r e s e n c e  w a s  n o t  d e t e c t e d  b y  n . m . r .  s p e c t r o s c o p y .  T h e
~ S F ,  -  g r o u p  o f  t h e  c i s  i s o m e r s  c o n t a i n  t h r e e  m a g n e t i c a l l y  d i f f e r e n t  H*
t y p e s  o f  f l u o r i n e  a t o m s  r e s u l t i n g  i n  s e c o n d  o r d e r  s p e c t r a  w h i c h  
h a v e  a  g r e a t e r  n u m b e r  o f  l i n e s  t h a n  t h e  f i r s t  o r d e r  s p e c t r a  o f  t h e  
t r a n s  i s o m e r s  a n d  t h e r e f o r e  a r e  m o r e  d i f f i c u l t  t o  d e t e c t  [ 177.1 •
T h e  v i b r a t i o n a l  s p e c t r a  o f  C F ^ S F . C l  w e r e  e x a m i n e d  t oJ
c o n f i r m  t h e  s t r u c t u r e  o f  t r a n s  CF_,SF,  C l .3 k
T h e  t r a n s  i s o m e r  c a n  b e  t r e a t e d  a s  a  m o l e c u l e  p o s s e s s i n g  
s y m m e t r y  ( s e e  b e l o w )  - w h i l e  t h e  p o i n t  g r o u p  f o r  t h e  c i s  i s o m e r  
i s  C .  U n d e r  C,  s y m m e t r y  t h r e e  o f  t h e  f u n d a m e n t a l  f r e q u e n c i e s
S  if V
( b ^  a n d  b n ) a r e  R a m a n  a c t i v e  b u t  i n f r a r e d  i n a c t i v e ,  a n d  o n e  (&p)
i s  i n a c t i v e  i n  b o t h .  F o r  C s y m m e t r y  a l l  t h e  f u n d a m e n t a l s  a r e
s
b o t h  R a m a n  a n d  i n f r a r e d  a c t i v e .  T h e  n u m b e r  o f  p o l a r i s e d  R a m a n  
l i n e s  a l s o  d i f f e r  s i g n i f i c a n t l y ;  f i f t e e n  f o r  C g  a n d  s i x  f o r  C £ .  
E x p e r i m e n t a l l y ,  t h e r e f o r e ,  t h e  t w o  p o i n t  g r o u p s  C a n d  C s  a r e  
r e a d i l y  d i s t i n g u i s h a b l e .
A n a l y s i s  o f  S p e c t r a .  T o  f i n d  o u t  t h e  n u m b e r  a n d  k i n d  o f  v i b r a t i o n a l  
m o d e s  e x n e c t e d  f o r  t r a n s  C F , S F ,  C l  t h e  m o l e c u l e  c a n  b e  c o n s i d e r e dt> br
a s  c o n s i s t i n g  o f  t w o  p a r t s ,  X S F ^ C l  a n d  C F ^ .  A s i m i l a r  a n a l y s i s  
h a s  b e e n  c a r r i e d  o u t  f o r  CF- .SF, -  [1391  v / h e r e  t h e  a s s u m p t i o n  m a d e ,  
t h a t  t ^ e  C F ^ -  g r o u p  i s  f r e e  t o  r o m c e  a b o u u  c h e  C*~o b o n d  a n d  c a n  
t h e r e f o r e  b e  c o n s i d e r e d  a s  a  s i n g l e  s u b s t i t u e n t ,  vio.l, s h o v . n  t o  
b e  j u s t i f i e d .  X S F ^ C l  c a n  t h e n  b e  e x p e c t e d  t o  o b e y  t h e  s e l e c t i o n  
r u l e s  f o r  a  m o l e c u l e  o f  C ^ r s y m m e t r y  a n d  t h e  s y m m e t r y .
-  -  ■
The i r r e d u c i b l e  r e p r e s e n t a t i o n  o f  i n t e r n a l  m otion  f o r
CITSF, C l i n c l u d i n g  th e  CF_~ groun i s : -y  '-!■ y
c‘ sf ( -x i P s + &2 ( c 13.v e } -f 2b ^  ( A, d p ) + b 0 ( Ti, d p ) v 7e ( R, dn
T h is  i n c l u d e s  t h r e e  nodes a r i s i n g  from th e  i n t e r a c t i o n  o f  C.F, and
3
—SF^CI, by a n a lo g y  • w i th  CF^SFj-. The i r r e d u c ib le ,  r e p r e s e n t a t i o n
i s  w orked o u t i n  d e t a i l  i n  Appendix 1 *
T a b le  3»1 l i s t s  th e  com plete  s u e c t r a  o b se rv e d  f o r  CF^SF. Cl
3 k
w h i le  T a b le  3 -2  g iv e s  a  l i s t  o f  th e  fu n d am en ta l  f r e q u e n c ie s *  The
fu n d a m e n ta l  f r e q u e n c i e s  o f  CF-.SF,- and SF..C1 a r e  p r e s e n te d  i n  T a b le s. 3 3  3
3*3  and. 3 ‘A a s  th e y  a r e  used  to  a s s ig n  th e  s p e c t r a  o f  CF^SF^Cl
and a r e  r e f e r r e d  to  f r e q u e n t ly *
From th e  i r r e d u c i b l e  r e p r e s e n t a t i o n  i t  can  be s e e n  t h a t  o n ly
th e  and e modes a r e  bo th  i n f r a r e d  and Raman a c t i v e ,  w h ich .
enab3.es them to  be d i s t i n g u i s h e d  from th e  r e m a in in g  modes. The
number -of bands  c o i n c id e n t  i n  th e  i n f r a r e d  and Raman sh o u ld
t h e r e f o r e  be t h i r t e e n ;  on ly  t e n  o f  th e se  a re  o b se rv ed  o v e r  th e
r a n g e  scan n ed  i n  th e  i n f r a r e d ,  AC0 0 -2 0 0  cm* *
T h ere  i s  no band i n  th e  Raman spec trum  c o r r e s p o n d in g  to  th e
-1v e ry  - s t r o n g  i n f r a r e d  peak a t  867 cm* . By com p ariso n  w i th  th e
s p e c t r a  o f  CF^SF.., SFcC l and SFcO~ [178] t h i s  s t r o n g  band i s
3 5* 5 3
a s s ig i i e d  to  th e  asymm etric s t r e t c h i n g  v i b r a t i o n  o f  th e  ->SF^— 
group* S in ce  th e r e  i s  l i t t l e  change i n  th e  p o l a r i s a b i l i t y  o f  th e  
m o le c u le  d u r in g  t h i s  v i b r a t i o n  i t  i s  e x p e c te d  t n a t  t n e  band due 
to  i t  would be we ale i n  th e  Raman. T h is  was th e  c a s e  w i th  b o th
CF_,SF._ and SF.-C1*
3 3 '  3
-1A band o c c u r r in g  a t  R20 cm* m  th e  Raman s p e c tru m ,  w hich
i s  a s s ig n e d  to  an in - p l a n e  d e fo rm a tio n  o f  th e  - « F . -  g ro u p ,  snou ld
have a  c o r r e s p o n d in g  i n f r a r e d  band b u t  t h i s  i s  no t o b s e rv e d ;  o.■*<.; 
o t h e r  -SF  -  in -o la i i e  d e fo rm a tio n  i s  on ly  w eakly  a c t i v e  i n  th e  i n f r a r e d
A
TABLE 3*1
V ib r a t io n a l  Spectra c f  Ca-ASF, Cl
C c i n c  i  dene e s
6 .
7*
8 *
9*
1 0 ,
I n f r a r e d  (cm« ) Raman (cmT1) n o l
12.55 vs 
1162  s  
1160 sh  
1128 m 
1123  
86? v s  
794 
790 v s  
785
745 w 
712 w 
685 vv s
655 
651 m 
647
618 vw 
610 vw
570 W 
538 w 
477 w
424  VW
380 vw 
296 w
1160 5
1120
788
769
748
620
610
570
535
425
420
386
293
275
170
34
1
1
674 33
648  89
9
7
4
7
25
22
12
100
24
34
dp
P
dp
dp
P
LssiGrmen:
vr |
12
2v.
v14 + v17 
v5 + v6
v8
V 13
14
10
17
15
V16
V 6
17
Number S p e c ie s Assignment
1 . a l CF, sym. s t r e t c h  5 1160
2 . CF^-sym. d e fo rm a t io n 790
y  • SF^ sq u a re  s t r e t c h 685
£5-. SF^ o u t - o f - p l a n e  d e fo rm a t io n 691
5 . SCI s t r e t c h k?-5
6 . CS s t r e t c h  , 296
7* a 2 i n a c t i v e
8 . b 1 SF^ sq u a re  s t r e t c h 620
9 . SF^ o u t - o f - p l a n e  d e fo rm a t io n 275
1 0 . b2 SF^ i n - p l a n e  d e fo rm a t io n 553
1 1 . e CF7 a n t isy m .  s t r e t c h 1255
1 2 . SF, a n t i s y c u  sq u a re  s t r e t c hk
867
13 ." SF wagging 610
1**. CF-. a n t i s y m .  d e fo rm a t io n  y
570
15 . SF, i n - p l a n e  d e fo rm a t io n h20
1 6 . SF^Cl ro c k in g 586
-  11? ~
TABLE 3 .5  
fu n d am e n ta l  F req u en c ie s  o f  OF_ st? .........■ «■« »■■    . . .”  .C
Number S p e c ie s  Assignment (cm.""*)
1 * CF^ sym. s t r e t c h  1 1 6 8 .5
2 .  SF a x i a l  s t r e t c h  8 8 5 .5
5* CF^ sym. d e fo rm a t io n  75^*8
k*  SF^ sq u a re  s t r e t c h  6 9 1 -9
5* SF^ o u t - o f - p l a n e  d e fo rm a t io n  6 1 2 ./*
6 .  CS s t r e t c h  5 2 ^ .5
t o r s i o n
8 .  b ' SF. sq u are  s t r e t c h  627I H-
9 0 SF^ o u t - o f - p l a n e  d e fo rm a t io n  262
1 0 . . SF^ in-plane deformation 5 0 1
11 ■ e CF_ antisym. stretch 1256
3
1 2 . SF^ square stretch 9 0 2
1 3 . SF wagging 590
12j.. CF^ antisym. deformation 5 5 8
1 5 . SF. in-plane deformation 42**.5
T
l 5 e SF^ rocking 5 1 9 .7
1 7 # CF^ rocking 2 1 9 .6
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TABLP 3„U 
Pundar..en t  a 1 F re q u e n c ie s  o f  ST,-" 1
Number S p e c ie s Assignment (c m l^ )
1 * a 1 SF a x i a l  s t r e t c h 834
2 . SF, sq u a re  s t r e t c h  4 707.1
3® SF^ o u t - o f - p l a n e  d e fo rm a t io n 6 0 1 .9
**• SCI s t r e t c h 4 0 1 .7
5 . N SF^ sq u a re  s t r e t c h 625
6 . SF, o u t - o f - p l a n e  d e fo rm a t io n  4 271
7 . b 2 SF^ in - p l a n e  d e fo rm a t io n 303
8 . e SF^ sq u are  s t r e t c h 909
9 . SF^ wagging 379
1 0 . SF, in - p l a n e  d e fo rm a t io n  4 441
1 1 . SF*. r o c k in g 3 9 8 .3
-  '<3 9 -
s r e  ^.rii i .-.red spectrum  was n e t  re c o rd e d  fee low 200 cm 7  ^♦ T here
io  & hiedxUL: aJ3 >enbi ly  peak in  who Sam a n . spec trum  a t  170  cmT^
v;ilien a s  a s s ig n e d  to  a CF_ rocking ' rio ce ,
5
xiie oen c o i n c id e n t  bands, which a re  observed  a r e  r e a d i l y  
a i s t m g u i s h a o l e  a s  a ,, and e modes s in c e  th e  inodes a r e  p o la . r i s a b l e  
w h i l e  th e  e mooes a re  d e p o la r is e d . .  Most o f  th e  a s s ig n m e n ts  made 
f o r  t h e s e  fundamenta3.s a re  very  s i m i l a r  t o  th e  c o r r e s p o n d in g  
modes i n  CF^.SFc; and SF,_C1. Two o b s e r v a t io n s  r e q u i r e  f u r t h e r  
comment
i )  The s m a l l  i n c r e a s e  i n  th e  f req u en cy  of  th e  S -C l s t r e t c h i n g
v i b r a t i o n  on g o in g  from SF^Cl to  CF^SF^Cl.
— 1i i )  The d e c r e a s e  o f  '*J>0 cm, . i n  th e  f re q u e n c y  o f  th e  C-S s t r e t c h i n g
v i b r a t i o n  on g o in g  from CF-.SF.- to  CF_,SF. C l ,3 5 3 k
The f r e q u e n c i e s  o f  th e s e  v i b r a t i o n s  w i l l  depend on th e  m asses
o f  t h e  atom s i n v o l v e d i n  th e  bond, th e  f o r c e  c o n s t a n t  o f  th e
bond  and  any c o u p l in g  o f  v i b r a t i o n s  which may o c c u r .
S in c e  th e  i n c r e a s e  i n  mass when a f l u o r i n e  atom i s  r e p l a c e d
by a  CF7-  g roup  sh o u ld  d ec re a se  v (S -C l) ,  th e  s h i f t  i n  f r e q u e n c y
i n  ( i )  c a n n o t  be due s o l e l y  to  the  mass e f f e c t .  The i n c r e a s e  may
be c a u s e d  by th e  d i f f e r e n c e  i n  e l e c t r o n e g a t i v i t y  be tw een  th e
F an d  CF^ e n t i t i e s .  The CF*- g roup , b e in g  l e s s  e l e c t r o n e g a t i v e  
3 5
t h a n  F , sh o u ld  cause  an in c r e a s e  i n  th e  e l e c t r o n  d e n s i t y  i n  th e  
S -C l  bond r e s u l t i n g  i n  an in c re a s e d  fo r c e  c o n s t a n t ,  w hich  would 
be r e f l e c t e d  i n  a g r e a t e r  v i b r a t i o n a l  i r c q u e n c y .
I n  ( i i )  t h e  fo rc e  c o n s ta n t  o f  the  C-S bond i s  l i k e l y  t o  
i n c r e a s e  when F i s  r e p la c e d  by C l , which sh o u ld  r e s u l t ,  in  an 
i n c r e a s e  i n  v (C -S ) .  The mass e f f e c t  sh o u ld  be s m a l l e r  th a n  i n  
( i )  (F  r e p l a c e d  by Cl a s  compared w ith  F r e p la c e d  by CF^), t h e r e f o r e  
th e  d e c r e a s e  o b se rved  i n  v(C-3) may oe caused  by obe c o u p l in g  o f
-  120
rp /, 7:7 T7
Compound v(C-S) (cm l^ )
I ICF_S Cl 3 A-68 [1793
GF,SI I SCF, 3 3 W
[*179 3
c f- S ^ c f ,3 3 Zf8o
[ 1 6 1 ]
CF,SIV(0)C F , 3 3
i|6 8 [ 1 6 1 ]
VTCF?SV-F C • 3 3 32A- [1593
(C2 F5 )SVIFif 695 [180 3
CF^SF.Cl 3 4
.296
- 1
v i b r a t i o n s  o f  s i m i l a r  e n e r g i e s .  However, a  d e c re a s e  o f  0 cm, 
i s  s m a l l  i n  com parison  w ith  th e  range  o f  f r e q u e n c i e s  q u o te d  f o r  
v(C—S) i n  o t h e r  d e r i v a t i v e s .  Table  p«5 l i s t s  some o f  t h e s e  values® 
From t h e  in f o r m a t io n  a v a i l a b l e  i t  ap p ea rs  t h a t  v(C~o) depends  a 
g r e a t  d e a l  on th e  th e  n a tu re  of the  s u b s t i t u e n t s  a t t a c h e d  to  th e  
su lnhuy 1 atom and v e ry  l i t t l e  on th e  o x id a t io n  s tu . te  of th e  o u le h u i  ,
4
The ra n g e  o f  <*300 cmT^ quoted  f o r  v(C-S) may be i n d i c a t i v e  o f  th e  
d i f f i c u l t y  i n  a s s ig n in g  bands to  C-S s t r e t c h i n g  v i b r a t i o n s .
The a s s ig n m e n ts  made f o r  th e  rem a in in g  funao.mental f r e q u e n c i e s ,  
and b ^  a r e  a g a in  very  s i m i l a r  to  th o se  i n  CF^SF^, T here  a r e  
v e ry  weak bands in  th e  i n f r a r e d  spectrum  c o r r e s p o n d in g  to  vg and 
w h ich  sh o u ld  be Raman a c t iv e  o n ly ,  T u e i i  o o s e r ^ o i o n  may 
i n d i c a t e  a  lo w e r in g  o f  th e  symmetry o f  th e  m o lecu le  b u t  o n ly  
s i x  p o l a r i s e d  Raman bands a re  observed  which i n d i c a t e s  t h a t  th e  
m o le c u le  i s  o f  symmetry and t h a t  the  spec trum  r e p r e s e n u s  o n ly
t h e  t r a n s  isom er o f  CF^SF^Cl,
These assignments of the  fundamental frequencies l e a v e s  s i : :
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b«.ncls un<xs s i ^ i e d .  xhey a re  assumed to  be due to  o v e r to n e s  and
c o n io n n a tio n s  a n a ,  w i th  one e x c e p t io n ,  a re  a s s ig n e d  a s  s u c h .  Tinder
'“l .v  s .yn3I-ie^r y 110 com bina tions  of b,, and w ith  fu n d a m e n ta l s  a r e
a l lo w e d  and none a r e  o b se rv ed .  The e x c e p t io n  i s  th e  weak band 
-1a t  ^ 1 1 2 0  cm. i n  b o th  th e  Raman and i n f r a r e d  s p e c t r a ,  w hich  r e m a in s  
u n a s s i g n e d .
V i b r a t i o n a l  S p e c t r a  o f  CF^SF^CF^CF^C l,  SF^C i y i ^ Cl and SF^CH=CH.
T hese  v i b r a t i o n a l  s p e c t r a  a re  p r e s e n te d  i n  f u l l  b u t  th e y  have
n o t  b een  a n a ly s e d  in  d e t a i l .  They were chosen  f o r  s tu d y  s i n c e ,
t o g e t h e r  w i th  CF7 SF, C l,  th e y  p ro v id e  a s e r i e s  o f  compounds where
a  c o m p a r is o n  may be made o f  th e  e f f e c t  on th e  -SF. -  g roup  o f
'
v a r y i n g  th e  s u b s t i t u e n t s  around s u lp h u r .  They can  be p r e p a r e d  
i n  t h e  f o l l o w i n g  ways [ 1 ^ 6 111^811^91
CF_,SF. Cl 
2 k
+ CF2CF2 — > CF,SF. CF0CF0C1 
. P  b  2 2 + h i g h e r po lym ers
SF Cl 
P
+ c f 2c f 2 SFj-CF^CF-Cl 
P  4
+ h i g h e r po lym ers
SF Cl 
P
+ CE2 CH2 SF_CH~CH_C1 3 2 2 + h ig h e r po lym ers
-HC1 b ase  
'4/
S F r - C E C E .5 2
The s p e c t r a  a r e  a s s ig n e d  by com parison  w ith  th o s e  o f  CF^SF^., SF^Cl 
and  p e n t a f l u o r o e t h y l h a l i d e s  [181J.
A) CF-SF.CF„CF^C1. Table 3*6 g iv e s  d e t a i l s  o f  th e  o b se rv e d  
i n f r a r e d  aild Raman s p e c t r a .  In  th e  s p e c t r a  o f  CF^SF^CF^CF^Cl 
a lm o s t  a l l  o f  th e  bands occur i n  b o th  th e  i n f r a r e d  and Raman 
s p e c t r a  i n d i c a t i n g  th e  low symmetry o f  th e  m o le c u le .  Bands which 
can  be a s s ig n e d  to  v i b r a t i o n s  o f  th e  CF^— and —oF^— g ro u p s  o c c u r  
a t  s i m i l a r  f r e q u e n c i e s  to  th e  c o r re s p o n d in g  v i o r a t i o n s  i n  vi^.di'^0 1 . 
However, because  o f  the  g r e a t e r  number o f  bands p r e s e n t ,  t h e r e  i s  
more a m b ig u i ty  abou t th e  ass ignm ent o f  some bands ; vtCF^-S) and 
v(CF^—S) i n  p a r t i c u l a r .  S ince th e  masses o f  CF^o and CP^  a r e
TABLE 3 ,6
V ib r a t io n a l  Spectra o f  CF_SF, CF^CLVCl
I  n f  r a r  e d ( c m’> ) ~1Laman (cm* ) p o l  A ssi r r a e n i :
1259 vs 1260 3 v(CF^) antisym•
1222 m v (CF2 )
1156 m 1150 3 v(CF^) sym. •
1058 V/ 1065 14 . .  dp ?
960 w
932 w 932 1 y(CCl)
855 vs 850 1 vCSF^)
801 w 792 3
780 vw 780 5 6(CF,)
760 vw ‘ 760
. 755
4 u(CC)
702 m 707 36 P v(SP^)
680 8 674 2 v(SF )
660 S
6$0 9
6{SF^) out-of-piano
633 VW 635 100 P v(SF^)
605 m 604 14 dp 6(SF^) out-of-plane
570 570
548
1
2
6(CF3)
6(SF^) in-plane
470 w 480 9 P 5 (CC1)
440 26 6(SF^) in-plane
380 5 6(CF2)
328 9 v(CFy3)
289 11 v(CF2S)
242 21 CFV rocking 3 •
196 65 P CF2C1 rocld.ng
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s i m i l a r - v(uF -S )  sho u ld  occur  a t  a h i  c l  o r  i r e c u c n c -  th a n  vi'CF^-SO
i f  t h e  e l e c t r o n e g a t i v i t i e s  o f  e a c h  g r o u p  a r e  c o n s i d e r e d .  I n
v i e w  o f  t m s  v(UF , , - b )  a n d  v(C?2 -S )  a r e  a s  s i g n e d  t o  b a n d s  a t  f i b  
— 1ana  269 cn« r e s p e c t i v e l y  a l th o u g h ,  because  o f  th e  number o f  bands
i n  uhxs  r e g i o n ,  th e s e  a ss ig n m en ts  must be te n ta . t iv e «  R is g in
and T a y l o r ,  i n  t h e i r  d i s c u s s io n  o f  th e  s j j e c t r a  o f  p e n t a f l u o r o e t h y l -
h a l i d e s  d e c id e d  t h a t  th e r e  was p ro b a b ly  a  c o n s id e r a b l e  m ix in g
•of t h e  C -C l,  C-F and C-C s t r e t c h i n g  v i b r a t i o n s .  I t  i s  r e a s o n a b l e
t o  assume t h a t  t h i s  p ro b ab ly  occu rs  i n  th e  CF~CF_C1 p a r t  o fd d
GF...SF C F^C F^C l, t h e r e f o r e  th e  a ss ig n m e n ts  made a r e  u n l i k e l y  to  
c o r r e s p o n d  t o  pu re  v i b r a t i o n s .
‘SFr-CF^GF^Clo . D e t a i l s  o f  th e  s p e c t r a  a r e  g iv e n  i n  T ab le  3»7« 
T h e re  a r e  no u n u s u a l  f e a t u r e s  i n  th e  s p e c t r a  o f  t h i s  compound.
The f r e q u e n c i e s  o f  th e  v i b r a t i o n s  a s s o c i a t e d  w i th  th e  CF^CF^Cl 
p a r t  o f  th e  m o lecu le  occu r  a t  s l i g h t l y  h ig h e r  f r e q u e n c i e s  th a n  
th o s e  i n  CF^SF, CF^CF»C1 which may r e f l e c t  th e  g r e a t e r  e l e c t r o -p 4  d d
n e g a t i v i t y  o f  F a s  compared 'with CF^ i n  an a n a lo g o u s  manner to  
th e  i n c r e a s e  i n  v (S -C l)  observed  on go ing  from SF^Cl to  CF^SF^Cl.
C) S iyCH=CE2 . D e t a i l s  of the  s p e c t r a  a r e  g iv e n  i n  T ab le  3 . 8 .
T h is  was ch o sen  f o r  s tu d y  as  i t  p ro v id e s  an example o f  an  e l e c t r o n  
d o n a t in g  group  a t t a c h e d  to  s u lp h u r .  The i m r a r e d  spec irum h as  
p r e v i o u s l y  b een  p u b l i s h e d  C149J« As might be e x p e c te d  che 
v i b r a t i o n s  a s s o c i a t e d  w ith  th e  -SF^- group o ccu r  a^ a  much 
h i g h e r  f r e q u e n c y  th a n  th o se  i n  SF^Cl, CF^SF^ o r  CF^SF^Cl r e f l e c t i n g  
t h e  g r e a t e r  e l e c t r o n  d e n s i t y  i n  th e  S-F bonds due to  th e  -CH^CIh, 
g r o u p .  The a x i a l  S-F bond i s  no t a f i e c t e d  to  thie Sc .^ie s ^ e n t .
I t  i s  d i f f i c u l t  to  a s s ig n  any band to  th e  C-S s t r e t c h i n g  
v i b r a t i o n .  I t  i s  expec ted  t h a t  i t  w i l l  be o.t a highc^ 
th a n  i n  any o f  th e  o th e r  compounds s tu d ie d ,  t h e r e f o r e  i t  nay to
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TABLE 3c7
V ib r a t io n a l  Spectra o f  SF^CF^CF^Cl
I n f r a r e d  (ceu!) Raman (cau^) pci A ssignm ents
1215 s
1 1 9 0 m v(CF2)
1H 5 s v(CF2 ) .
1078 m 1080 17 dp
1052 m
9^8 s v(CF2C1)
896  v s 900 3 vCSF^)
835 a 825 • 3 v(SF) axial
790 v s
680 a 69*f 100 » (s f 4 )
600 m 612 13 6 (SF^) out-of-plane
380 w SF^ wagging
550 12 SF^ wagging
490 1*f 6 (SF^) in-plane
W 30 P 6 (CC1 ) or 6(SF, ) in-planT”
ifl8 n SF,- rocking3
369 10 6(CF2)
320 27 dp v(CF2i5)
268 12 6 (SF, ) out-of-planen r
212 if6 CF2C1 rocking
141 31
TABLE 5„S
V ib r a t io n a l  Spectra o f  SF„CE=CIL
I n f r a r e d  (cmZ *.) Raman (cm!1) pol Assignments
460 br,w 
365 vw
3 10 0.-vw v(CH) antisym. in CH2
3060 w v(CE) antisym. in CER
2980 shsw v(CH) sym. in CH2
2940 w v(OH) sym. in CER
2880 vw 2820 33 p
1920 sh?w
1903 w 1896 23 p
1610 8 p v(C=C)
1560 w 
1^60 w
1390 m 6(CH2) in-plane
1363 sh,w
1330 7
1280 vw 6(CH) in-plane
1242 vw 6<CH) in-plane
1130 br,w 6(CH) in~Plane
1040 m 6(CH2) out-of-piane
960 vs v(SF ) or 6(CH) out-of-i
870 w s  v(SF) axial
790 m 800 6 p vCSF^)
655 m ' "(SV
590 S SF w a s e i n s
6(SF. ) in-plane 
362 s ^
450 43 P &(SF^) in-plane
33O 20 P
>lane
m ‘ r»7 -n -» r ysit
:c= Bound v. , ^ s V  • »e (SP > v(CS) -cm,
C F - S F p l  ■ ' 867 ’ 685 296
c f , s f 4 g f 2 c f 2c i  855 680 328 , 289'
SF CF2 CF2 C1 896 694  320
SFcCH=0Ho 960 7 9 0
CF^SF^ 9 0 2 - 691 .9  324  C139J
SF^Cl 909 707.1 -  [1333
* v ( C F 2 S )
-1
p a r t  o f  th e  band a t  kpQ cm. a s s ig n e d  to  an i n - p l a n e  d e fo rm a t io n
o f  th e  -S F ^ -  g ro u p ,  b u t  w ith o u t  d a ta  from a n a lo g o u s  compounds i t
i s  im p o s s ib l e  to  a s s ig n  i t  .unambiguously.
T here  i s  no absorj> tion  in  the  i n f r a r e d  spec trum  c o r r e s p o n d in g
—1t o  t h e  Raman peak  a t  1610 cm! a s s ig n e d  to  u(C=C). T h is  i s  n o t  
s u r p r i s i n g  s i n c e  C=C bonds u s u a l ly  abso rb  o n ly  v e ry  w eak ly  i n  
th e  i n f r a r e d  r e g i o n - o f  th e  spec trum .
Most o f  th e  rem a in in g  bands can be a s s ig n e d  to  C-K s t r e t c h e s  
and  d e f o r m a t io n s .
D i s c u s s i o n  o f  S p e c t r a . The a n a ly s e s  o f  th e  s p e c t r a  o b ta in e d  h e re
show how s e n s i t i v e  th e  —SF^- i s  to  changes i n  th e  o th e r  s u b s t i t u e n t
a ro u n d  th e  c e n t r a l  s u lp h u r  atom. Table 3»9 l i s t s  th e  o b se rv ed
f r e o u e n c i e s  f o r  v (SF. ) and v (SF. )•  There i s  a v a r i a t i o n  o f* . a s  k s if
-100 cm! 1 i n  th e  v a lu e  o f  v_ (SF. ) .  S ince t h i s  i s  u s u a l l y  a v e ry
dS H-
s t r o n g  -peak i n  th e  i n f r a r e d  spectrum  and e a s i l y  i c e n u i l i a b l e  , iu
may be p o s s i b l e  to  use  t h i s  band as  a guide uo th e  n a t u r e  o i
s u b s t i t u e n t s  i n  unknown d e r i v a t i v e s .
I n  a d d i t i o n  to  in fo rm a t io n  about S-F s t r e t c h i n g  v i b r a t i o n s ,
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th e  s p e c t r a  s t u d i e d  i n  t h i s  work p ro v id e  a s e r i e s  o f  v(C-S) , few 
'exam ples  o f  w h ich . i n  f l u o r i n e  compounds, have p r e v io u s l y  been  
p u b l i s h e d . However, because of th e  d i f f i c u l t y  o f  a s s ig n in g  p eak s  
t o  C-S s t r e t c h i n g  v i b r a t i o n s ,  i t  i s  n o t  p o s s i b l e  to  s p e c u l a t e ,  w i th  
any d e g r e e  o f  c e r t a i n t y ,  about th e  f a c t o r s  which a f f e c t  i t s  . f r e q u e n c y .
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EXPERIMENTAL
The m a t e r i a l s  used  were o b ta in ed  as d e t a i l e d  i n  T ab le  3 .1 0 .
n i l  compounds were r e d i s t i l l e d  s e v e r a l  t im e s  b e fo re  u se  and
t h e i r  p u r i t y  was checked by i n f r a r e d  sp e c tro s c o j jy .  R e a c t io n s
were c a r r i e d  ou t i n  g l a s s  r e a c t i o n  v e s s e l s  on a  c o n v e n t io n a l  
1 19vacuum l i n e .  H and F n .m . r .  s p e c t r a  were re c o rd e d  on a  .
P e r k in - E lm e r  PIC s p e c t ro m e te r  o p e ra t in g  a t  60 and 3 6 . AKHs
r e s p e c t i v e l y o  R ou tine  i n f r a r e d  s p e c t r a  were r e c o rd e d  on a
P e rk in -E lm e r  137 s p e c t ro m e te r ,  w hile  the  s p e c t r a  used  i n  th e
v i b r a t i o n a l  s t u d i e s  o f  SF^ d e r i v a t i v e s  were o b ta in e d  from a
P e rk in -E lm e r  223 s p e c t ro m e te r .  P o la r i s e d  Raman s p e c t r a  were
r e c o r d e d  u s in g  a  90° s c a t t e r i n g  geometry on a  Spex Pamalog if
-1s p e c t r o p h o t o m e t e r  a t  a r e s o l u t i o n  o f  2 cm, , The in s t r u m e n t
4- ^  ^
was c a 3 . ib r a te d  to  ~1 cm. u s in g  the  plasma l i n e s  o f  an  a rg o n  
l a s e r .  The if88.0 nm l i n e  o f  a Coherent R a d ia t io n  52G arg o n  
i c n  l a s e r  was used  a s  th e  e x c i t i n g  s o u rc e .
R e a c t io n  be tw een  SF^.01 and PhPCl^ .  PhPCl^ (1*37 g , 7*6 mmol) 
and SF^Cl (l .21 f g ,  7*63 mmol) were condensed t o g e th e r  a t  -196°C 
and a l lo w e d  to  warm up s lo w ly .  A r e a c t i o n  to o k  p la c e  ~ -3 0 °C  
t o  p ro d u c e  PhPF , i d e n t i f i e d  by i t s  n .m . r .  spec trum  C186 ] 
and  SC12 i d e n t i f i e d  by i n f r a r e d  sp e c tro s c o p y  [1873 . T ra c e s  
o f  a  g r e e n i s h - y e l lo w  gas which r e a c te d  w i th  mercury were 
o b s e r v e d .  T h is  was presumed to  be c h l o r i n e .
Reaction betw een  SF Cl and Ph .PC I. Ph-,PC1 (0 .7 8  g , 3 -5 3  mmol)
and  SIVC1 (O .5 8  g ,  3 .55  nmol) r e a c te d  - J 0 ° c  t o  p roduce P h ^ P " , ,
5
i d e n t i f i e d  by n . m . r .  sp ec tro sc o p y  [166] and a n a l y s i s  (F o u n d :-
5 9 . 3 3 ;  H, 2 .2 3 ;  F, 22 .9 8 ;  11*75 C12H10F3P rGC^ i r e E :
C, 5 9 .3 8 ;  H, 1 .7 k ;  F , 23 .56 ; P, 1 2 .8 1 7 ) .  SC12 and Cl„ were
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TABLE 3 . 1 0
S t a r t i n g  M a t e r i a l  .Source I n f r a r e d
SF.-C1
2
I . C . I .  (Mond D i v i s i o n )  
(a  g i f t )
[1333
Me PCI...c. A lb r ig h t  and W ilson  - 
(a  g i f t )
[1823
PhPCl2 B.D.H. ' [1833
Ph2 PCl B.D.H. [1823
P(OM e),
3
Hopkins and W ill iam s L td . [18A3
P (NM e~), A ld r ich  Chem icals [1853
CF-.SF, C l  
3 h
CF-jSF^/CsF/Cl^ [1553  
3 3 2
(prepared by G.Haran)
CF-SF.CF0CF0C13 if 2 2
CF5SFi Cl/CF2CF2 [ 136 ] 
(prepared by G.Haran)
SF_CF~CF0C1 5 2 2
I . C . I .  (Mond D i v i s i o n )  
(a  g i f t )
SFc CH=CH0 5  2
I . C . I .  (Mond D iv is io n )  
(a  g i f t )
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a g a in  o b se r v e d .
React i o n  b e twe.e ^ S F ^ C l  and I-lePCl^, MeFCl ( 0 .6 ?  g ,  5 .7  mmol) 
c ( J »55 g» 5 * /3  mmol) reac teo . —3 0 °C to '  p roduce MePF^, 
i d e n t i f i e d  by i n f r a r e d  and n .m . r .  s p e c t ro s c o p y  [188,186(3 and SCl^ 
and SFj-Ci i d e n t i f i e d  by i n f r a r e d  s p e c t ro s c o p y .  C l2 was a l s o  
p ro d u c e d .  The main p ro d u c t  o f  th e  r e a c t i o n  was a w h ite  s o l i d  
(0 .2 3  g) w hich  had th e  fo l lo w in g  e le m e n ta l  a n a l y s i s : -  C, i* .8 l ;
H, 0 .9 7 ;  0 1 ,  73«3; F, 8 .0 2 ;  P, 13.0if/y. T h is  c o r re s p o n d s  to  
th e  a to m ic  r a t i o  OIL -.Clj-FP.
I n f r a r e d  S pec trum  o f  S o l i d . 3010 ws 2980  w, 2920 w, 2893 w,
905 b r , m , 880  s h ,  8^0  b r , s , 793 w, 363 m, 333 w, A93 w, A50  b r ,m  cm" 1
R e a c t io n  be tw een  SF^Cl and P(OMe).,. P(OMe)., (0 .61  g ,  A.97 mmol)—     ^
and SFc-Cl (0 . 8 l  g ,  3*00  mmol) r e a c te d  a t  ^ - ? 0 OC to  p roduce SF^ 
and S ( 0 ) F 2 ( a  t r a c e  amount) a s  v o l a t i l e  p r o d u c t s .  Both were 
i d e n t i f i e d  by i n f r a r e d  s p e c tro sc o p y  ['189*1903 • T race  amounts 
o f  C3_2 and  S were a l s o  o b se rv ed .  Two o th e r  p ro d u c ts  were formed
i )  A w h i te  s o l i d  s o lu b le  i n  CD,CN which had th e  f o l lo w in gj
1H n . m . r .  s p e c t r u m :-  b -  2.5A b r ;  5 = 2 .83  h r ;  6 = 3*6h s i n g l e t ;
6 = 3 *>82 s i n g l e t  ppm.
i i )  A c o l o u r l e s s  n o t  v e ry  v o l a t i l e  l i q u i d  which had th e  
f o l l o w i n g  s p e c t r a : -
1H N.M.R. Spectrum  6 = 3-35 d o u b le t  J(PXI) = 1A»7Ha; 6 = 3*88 b r .
19F N.M.R. Spectrum  6 -  -6 2 .2  d o u b le t  J (PF ) = 733Hz.
I n f r a r e d  S p ec tru m . . 3020 w, 2980  w, 2370 w, 1190 m, 1110 e ,
-1
1060  m, 850  m, 823 m, k 60 w cm.
R e a c t io n  be tw een  SF^.01 and PCXlle.o)^* POuIe^)^, (0 .5 3  &» ✓•27 mmol) 
and SF^Cl (0 .5A  Si  3-31 mmol) r e a c te d  e x p lo s iv e ly  i n  g l a s s .
I n  a  m onel r e a c t o r  th e y  produced S F ^  S (0 )F 2 (a  t r a c e  amount) 
and a  c o l o u r l e s s  which had an i n f r a r e d  spectrum  s i m i l a r  to
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that of F^ i-’CiTMe^ )^  tl6-3J •
I n f r a r e d  S pectrum  o f  L iq u id . 3010- sh, 2960 m, 2920 oh, 2895 £ ,  
28A0 w, 1Ao0 b r m , 1300 br,s, 1230-1200 br,w, 1020 v s ,  990 sh, 
950 in, 8 7 5  vsj 825 vs, 775 VS, 700 w, 515 b r ,m , k30-A20 br cm.1 
A yellow-brown solid was left in the reaction vessel#
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APPENDIX 1
D e te r m in a t io n  o f  th e  I r r e d u e ib i.e K epresent a t i o n  f o r  CTkSF^Cl,
The m o le c u le  can  be c o n s id e re d  a s  c o n s i s t i n g  o f  two r a r t s ,  XSF, Cl
k
and CF_, and th e  i r r e d u c i b l e  r e p r e s e n t a t i o n  found fo r  each  p a r t .
T h is  has  symmetry. The r e d u c i b l e  r e p r e s e n t a t i o n  
can  be found  by c o n s id e r in g  th e  c a r t e s i a n  d is p la c e m e n t  v e c t o r s  
w hich  do n o t  change p o s i t i o n s  as  a r e s u l t  o f  th e  symmetry opera tic? ,  
i n  t h e  p o i n t  group The c h a r a c t e r  t a b l e  f o r  C^v i s  re p ro d u c e d
below,
CAv E 2C.A C2 2(rwv , 2ffd
A1 1 1 1 1 1 z
2 2 2 x y  . :?■
A2 1 1 1 -1 Rz
B1 1 -1 1 1 -1
2 2 x -  y
E2 1 -1 1 -1 1 xy
E 2 0 -2 0 0 (x ,y ) ( R x , R ) ( z z ,  y :0
ek -i-
W - |V i
2<r 2ct ,v  d
By i n s p e c t i o n  th e  r e d u c ib le  r e p r e s e n t a t i o n  f o r  CF^SF^Cl i s :
'  ^  2Ck  ' C2
21 3 -3  5 3
The number and k in d  o f  i r r e d u c i b l e  r e p r e s e n t a t i o n s  which make
up t h i s  r e d u c i b l e  one can be fo u n d 'u s in g  th e  fo rm ula
a .  = V s I ^ ( R ) X ( ^
0
, j ,  ^  the  i t h  i r r e d u c i b l e  r e n r e s e n t a t i iw here  a .  = th e  number o i t ime a t-nt
a
o c c u rs  i n  th e  r e d u c ib le  r e p r e s e n t a t i o n .
v  ,
-  -
th e  r e d u c ib le  r e p r e s e n t a t i o n ,
j  ti,.e . i r r e d u c ib le  r e p r e s e n t a t i o n  ( from th e  c h a r a c t e r  
t a b l e )
. . n .= th e  number c f  e lem ents  i n  th e  c l a s s ,
g = th e  num ber.o f  symmetry o p e ra t io n s  i n  th e  g ro u p .
U sing t h i s ,  th e  i r r e d u c i b l e  r e p r e s e n t a t i o n  f o r  XSF, Cl is :*-
. .  .
+. B2 + 6E
However, t h i s  i n c lu d e s  t r a n s l a t i o n a l  and r o t a t i o n a l  a s  w e l l  a s  
v i b r a t i o n a l  modes. From th e  c h a r a c t e r  t a b l e  th e  t r a n s l a t i o n a l  
and r o t a t i o n a l  inodes have th e  symmetry:«
+ 2E
T h e r e f o r e ,  th e  i r r e d u c i b l e  r e p r e s e n t a t i o n  f o r  th e  v i b r a t i o n a l  
modes o f  XSF^Cl i s : -
i i )  CF.,. I n  a  s i m i l a r  way, th e  i r r e d u c i b l e  r e p r e s e n t a t i o n  f o r  
—-P
C.F_ c a n  be worked o u t .  The CF- group has C symmetry. The 
3 5 v
c h a r a c t e r  t a b l e  f o r  C-, i s  g iven  below.jpv
°3 v E 2C-,?
A1 1 1
1 2
2 2 2 x + y , 2
A2 1 1 -1 E2
E 2 -1 0 . (x ,  y ) ( RX» Ry)
2 2(x  -  y , x y ) ( x z , yz)
/ c\ \ y
F F
The r e d u c i b l e  r e p r e s e n t a t i o n ,  by i n s p e c t i o n ,  i s : -
E 2 C^ 3<Tv
12 0 2
T h is  can  be reduced  g iv in g  an i r r e d u c ib le  r e p r e s e n t a t i o n : -
-  W  -
+ 4B
ih o s e  c o r r e s p o n d in g  to  t r a n s l a t i o n s  and r o t a t i o n s  a r e :  —
+ A2 + 2S
T h is  l e a v e s  t h e  i r r e d u c i b l e  r e p r e s e n t a t i o n  f o r  th e  v i b r a t i o n a l
iuco.es c f  u s  *—p
2A1 + 2E
The t o t a l  number o f  v i b r a t i o n a l  modes ex p ec ted  f o r  any m o lecu le
i s  3 11“"6? where n = th e  number o f  atoms in  th e  m olecule*  T h e re fo re
t h e . number e x p e c te d  f o r  CF,SF, Cl i s  24* The i r r e d u c i b l e  r e p r e s e n t3 4
c a l c u l a t e d  above g iv e  only  21. The th r e e  m is s in g  modes must be
due t o  t h e  i n t e r a c t i o n  of  th e  CF, and SF, Cl p a r t s  o f  th e  m o le c u le .3 4
By a n a lo g y  w i th  CF7SFq th e  i n t e r a c t i o n s  have th e  symmetry A? 
( i n a c t i v e )  and E . A gain, by analogy w ith  CF^SF^ [159] 1 th e  
i r r e d u c i b l e  r e p r e s e n t a t i o n  f o r  the  whole m olecu le  can be w r i t t e n  
a s  t h e  sum o f  th e  i n d i v i d u a l  components
4A1 + 2B^ + B2 + 4E + 2A  ^ + 2E + A2 + E
g i v i n g : -
6A^ + A2  + 2B^ + B2 + ?E
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APPENDIX 2
A b b r e v i a t i o n s  u sed  i n  T e x t •
s  s t r o n g
m medium
w weak
h r  broad
sh  sh o u ld e r
v very
v_ symmetric s t r e t c hs
va s  asymmetric s t r e t c h
6 bend
£ rock
mmol m i l l im o le s
[2.J
[33
Zkl
L3J
[ 6]
L7J
C8J
L91
[ 1 0 ]
[ 11]
[ 12]
[133
[14 ]
[13]
[ 16]
[ 1 7 ]
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